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ESTIMATION OF N AVAILABILITY AND N03-N 
MOVEMENT IN SOILS 
Abstract 
RAYMOND CHARLES WARD 
Under the direction of Professor Paul L. Carson 
Objectives of this study were: (a) to evaluate several N 
soil tests that are used to estimate soil N availability, and (b) 
to measure the distribution of inorganic N in the soil profile after 
an application of fertilizer N. 
Small grain yield response from an application of 17, 34, or 67 
kg N/ha was used as the parameter of N availability. These parameters 
were related to 23 independent variables by use of a step wise multi­
ple regression program. Nitrogen soil tests and climatic factors 
(rainfall and temperature) were the independent variables involved 
in the analysis. Nitrogen soil tests included were hot water soluble 
N, distillable N from a hot Na4P2o7 extract, organic matter, total N, 
and soluble _N03-N• 
A multiple regression equation was developed that significantly 
(R = .793**) estimated N yield response of small grain from an application 
of 67 kg N/hae The equation was: 
AY6? = .J95X4 + .379x5 + .399X6 - .128X14 - 5.17 
where �y6? = yield increase from 67 kg N/ha. quintal/ha; x4 = available 
soil moisture at planting. cm; x5 = rainfall 1-9 weeks after planting, 
cm; x6 = rainfall 5-61 days before harvest, om; and x14 = N03- N  
content of the 0-61 cm profile, kg N/ha. The NO
J
-N soil test was the 
only N soil test that was significantly related to N yield response 
from application of 67 kg N/ha. 
Three locations that involved N rate studies with corn were 
used to evaluate changes of N soil tests during the growing season. 
It was concluded that the only N soil test significantly increased 
by applied N was the N03-N test. The data showed that soil samples 
for N03-N should be taken in the fall or spring before planting for 
estimating N availability. 
Movement of N03-N in the soil profile was calculated by Liven•s 
equation (91). Estimated N 03-N leaching was very similar to actual 
( 2 4 **) leaching b = • 99 and. r = • 7 5 -. Most of the leaching water 
occurred during April , May, and October under South Dakota conditions. 
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Availability or soil N must be known if N fertilizer is to 
be used efficiently and economically for crop production. Soil N 
availability can be estimated by several approaches. The approach 
that has the most appeal for farmers and researchers is soil testing. 
Nitrogen soil tests should estimate the a.mount of soil N available 
for the upcoming crop whereas other approaches estimate availability 
of N for the crop presently growing. 
The Soil Testing Laboratory of South Dakota State University 
uses a readily oxidizable organic matter soil test for evaluating N 
availability and recommending rates of fertilizer N for crops. ThiR 
test measures the total amount of organic N present in the soil. The 
amount of total N mineralized to available N du.ring the growing 
season is then estimated by consideration of the crop management 
systeme The organic matter test does not measure N03-N that is 
present in the soil root zone, nor does it measure the more readily 
mineralizable forms of organic N. Nitrate-N is expected to accumulate 
in the root zone when more N03-N is available than the crop can 
utilize. . This accumulation of N03-N occurs when large amounts of N 
fertilizer are applied, when high rates of barnyard manure are applied. 
or when land is fallowed during the growing· season. The inability of 
the organic matter test to measure readily mineralizable N or N03-N 
indicates that other soil. tests need to be evaluated under South Dakota 
conditions to ensure the most reliable.test is available. 
The present public concern about contamination of the surface 
and ground waters with N03-N emphasizes the need for a N soil test 
method that can provide a basis for more efficient use of N ferti­
lizer for crop production. A test that can supply this information 
and at the same time provide a monitoring tool to determine N03-N 
pollution hazards could greatly benefit the agricultural industry 
of South Dakota and the general public. 
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A reliable soil test must be accurate, rapid, inexpensive, and 
calibrated 'With field fertilizer trials. The fourth criterion is the 
most important because the soil test must be related to yield responses 
measured in the field before it can be used as a reliable guide for 
predicting N fertilizer needs for crop production. 
The purpose of this study was twofold: (1) to evaluate several 
N soil tests considered reliable for predicting the N supplying 
ability of the soil; and (2) to determine the distribution of N03-N 
in the soil profile after an application of N fertilizer. Data 
collected from N rate experiments established in the field with small 
grain and corn were used to study the outlined objectives. 
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REVIEW OF LITERATURE 
The purpose of this review is to evaluate and discuss some of 
the N soil tests that have been found to be reliable for predicting 
the efficient use of N fertilizer for crop production. The main frac­
tions of organic N are discussed to provide background information for 
some of the principles of the organic N soil tests. Also� the organic 
N fractions help to explain the immobilization and mineralization of 
applied N. Several organic, inorganic, and biological N tests are 
evaluated in respect to their use for estimating efficient rates of 
N for crop uses In addition, some climatic factors that influence 
small grain yields and their yield responses from applied N are 
discussed. 
This review covers some of the recent work 'With N soil tests. 
For earlier research work with N soil tests several review articles 
are cited (6, 7, 8, 10, 13, 71). 
Organic N Fractions 
¥.iany investigators have attempted to find a fraction of organic 
N that is more easily mineralized to plant available N. Generally, 
organic N has been separated into three main fractions to determine 
which :fraction was the most active in mineralization and innnobilization 
of N. Table 1 describes the methods of fractionation and types of 
organic Nin each fraction. 




I Distillable acid 
soluble N 
Method of determination 
HCl hydrolysis - then 




Hydrolyzed NH4-N Amino sugar N 
Amino acid N 
4 
II Nondistillable 
acid soluble N 
Kjeldahl digestion after 
distillation of Fraction 
I - then distillation 
with NaOH 
Acid soluble humin N 
III Acid insoluble N Residue from HCl hydroly­
sis digested with HF and 
Kjeldahl - then 
distillation 
Insoluble humin N 
Fixed NH4
-N 
Cheng and Kurtz (23) round 70  to 83% of the total soil N in 
Fractions I and lI. About 40% of the total N of surfac e soils was 
in Fraction II.while the amount dec reased to less than JO% in sub­
soils . To study transformations of fertilizer N into the different 
fractions, they applied tagged ( 15NH4)2so4 at the rate of 1 34 kg N/ha 
for two consecutive years. Corn (Zea mays L) was grown after each 
application. At the end of two years, 65% of the applied N was in 
Fraction II and over 90% of it was in Fractions I and II. Stewart, 
Porter, �d Johnson (93) incubated two soils for 135 days with added 
straw and tagged No
3
-N. They found that immobilization of applied N 
was completed in the first 1 0  days. About three times as much 
fertilizer N occ urred in Fraction II as in Fractions I and III com­
bined. The fertilizer N immobilized in Fraction II was the only 
immobilized fertilizer N which was mineralized to N 03-N in any sub­
stantial amount during the 1 0  t·o 1 35 day incubation period. These 
data support the concept that the organic N fractions differ in their 
rates of mineralization and immobilization. 
Porter, Stewart, and Haas (65) compared N fractions of virgin 
soils to long-time culti·vated soils. Virgin soils contained 48.2% 
of the total Nin Fraction II compared to 39.6% for the cultivated 
soils. Fraction II contributed 60.% to the total N lost due to 
cultivation. This indicated that Fraction II N was more susceptible 
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to mineralization than organic N of the other fractions. Keeney and 
Bremner (46) conducted a similar study a.nd found that cultivation 
reduced Fraction II organic N more than Fraction I or III. Fraction II 
was reduced 39.2% by cultivation.. The amino acid component of Frac­
tion II was reduced the most by cultivation (43.0%). Total soil N was 
reduced 36.2%. 
In another study, Keeney and Bremner (48) found little difference 
in percentage distribution of the three fractions of organic N for 26 
different soils incubated aerobically 10 or 12 months. They leached 
the soils periodically to remove N03-N that was mineralized. There 
were trends toward more mineralization of Fraction II and less of 
Fraction I. They concluded from these studies that distribution in 
the fractions was not changed enough to warrant development of a 
N soil test based solely on organic N extracted from Fraction II. 
Other research has shown that texture, climate, soil depth, and 
cultural practices can change the a.mounts of organic Nin the various 
fractions. For example, Decau (26) found that soils of temperate 
climates have more Nin Fraction I than soils of subequatorial 
climates. Unmanured soils were higher in Fract�on I N than manured 
soils. In nonpodzolized soil profiles, the percentage of Fraction 
II N decreased with depth. Cheng and Kurtz (23) found the same 
trends. The opposite distribution of Fraction II N occurred in the 
profile of podzolized soils (26). Types of hum.us and organic matter 
contents were mentioned as probable reasons for this difference in 
soil profile distribution of Fraction II N. 
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Reid, Webster, and Krouse (6?) confirmed results of other workers 
on the transformation of fertilizer N into organic N fractions. The 
"active portion" of the organic N pool appeared to be Fraction II N. 
They were able to explain barley (Hordeum vulgare L) dry matter yield 
differences between two soils on the basis that a larger yield was 
obtained when more of the fertilizer N was immobilized into Fraction 
II. They also found more than 20% of the tagged NH4-N remaining in 
the soil as exchangeable NH4-N aft.er 80 days of incubation. They 
attributed th e large a..mount of remaining NH4-N to the high rate of 
NH4-N initia.lly applied. 
The studies of C hu and Knowles (24) and Wagner and Mutatkar (97) 
help to explain why Fraction II was observed to be the more active 
portion of soil organic Ne Their studies showed that during decom­
position of added residue much of_ the inorganic N becomes a part of 
the amino acids that are found in cell ·walls of microorganisms. 
The transformation of fertilizer N into organic N fractions 
must be considered in planning an efficient N fertilizer program for 
crop production. Broadbent and Nakashima (1 4) found a more efficient 
utilization of fertilizer N when planting followed immediately after 
N application than when planting was delayed several weeks. This was 
true whether straw was added or not. Plant recovery of applied N was 
invariably lo-wer when residues ware added to the soil. In another 
study (15) they found that added N (as KNo3) was immobilized within 
7 
a 10 -day period. When crops were grown on the N fertilized soils the 
availability of added N was negligible after the third harvest although 
substantial quantities of fertilizer N remained in the soil. 
Higher percentages of fertilizer N have been observed to be 
immobilized at lower rates of N application (53, 94) . Legg and 
Allison (53) studied immobilization of applied Nin a greenhouse 
experiment. They found that irrmi.obilization of applied N was inversely 
related to amount of inorganic N initially present in the soil for 
the first crops When initial inorganic soil N was high, immobilization 
of applied N was less. 
Stewart, Johnson, and Porter (92) studied the extent that 
irmnobilized fertilizer N becomes available for plants. Fertilizer N 
was immobilized during decomposition of added straw. Then the soil 
was cropped four times in the greenhouse to determine N uptake of the 
innnobilized fertilizer N. They found that most o:f the applied N was 
immobilized as organic N in Fraction II. Less than one-half of the 
immobilized fertilizer N was released for plant uptake in four suc­
cessive greenhouse croppings. Fractionation of soil organic N after 
the four croppings revealed that practically all of the plant uptake 
of immobilize d fertilize r N came from Fr action II . The s tudy also 
implie d that the fertilizer N immobilize d into Frac tion II  was 
mine ralize d at a fas ter rate than indige nous s oil N of this frac tion . 
Jansson (43 )  es timate d the mi nimum. half-life of res idual N t o  
be 15- 20 years for applie d N03-N and 22- 29 years for applie d  NH4-N. 
A gree nhouse e xpe riment c onduc ted by Broa dbe nt and Tyle r (16 ) s howed 
that the re was c ompe tition be tween the growing c rop and the mic ro­
organism population for adde d  N. The tagge d 1 5N s tudy s howe d  
pre fere ntia1 utilization of adde d NH4-N by s oil mic roorganis ms and 
of adde d  N 03-N by the c rop. Broadbe nt ( 13 )  and Janss on showed that 
adde d NH4-N was immobilize d to a greate r  e xte nt than applie d  N03-N. 
The highe r immobilization of NH4-N than N03-N sugge s ts mic roorganisms 
pre fe r NH4-N. 
The above discus s ion has shown that mos t of the applie d  N is · 
immobilize d into s ome frac tion of t he organic N ,  usually Frac tion II . 
Immobilize d fe rt ilizer N was s h own to be mineralize d at a faste r  rate 
than indigenous o rganic N .  Immobilize d fe rtilize r N may s till be 
mine ralize d at a s low e nough rate to c reate a N de fic ienc y  for the 
growing plant. The search for an "ac tive" organ ic N frac tion has 
give n inc onc lus ive res ults which me ans that organic N frac tionation 
s tudie s have been unsatisfact ory for de ve lopment of a N s oil tes t  
( 46 ,  48 ) .  
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Soil Tests for N Availability 
Other approa.ohes f besides organic N fractionation, have been 
used to find a N soil test that predicts N fertilizer needs for 
crop production. 
Organic N Soil Tests 
A chemical approach to the problem of developing a laboratory 
test of soil N availability has the advantage that the analysis is 
more rapid and precise than biological methods . The selection -. of a 
chemical test for N availability has been studied by many researchers 
recently (21 , 44, Lt,9, 57 ,  70 ,  8? , 88 ).  
Stanford (87 ) used the approach that a chemical N test should 
measure the readily mineralizable portion of organic N. He removed 
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N with mild extractants. The control and extracted soils were incu­
bated anaerobically for 13 weeks to obtain the amount of mineralizable 
N in the soils. The difference in amount of mineralizable N between 
the control and extracted soil was correlated with amount of N removed 
by the mild extracta.nt . If a high correlation was found between the 
difference in mineralizable N and N removed by the extractant it indi­
cated a close measure of readily mineralizable N. The mild extractants 
that Stanford used to remove organic N from the soil were 0. 01� cac12· 
or 0 . 5� Na4P2o7. The extractants were boiled for a given period of 
time to remove the organic N. The extraction with 0. 01M CaCl removed - 2 
16-26% of the total N. Sodium pyrophosphate extraction removed 28-45% 
of the total N o Although hot Na4P2o7 extracted about twice as much 
total N as hot CaCl.2 , the amount of distillable N in the two extracts 
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was very similar . The regression coefficient petween the distillable 
N portions of the two extracts was b = 1. 08 (r = . 975**) .  The dis­
tillable N portion of both extracts was more closely related to the 
amount of mineralizable organic N removed from the soils by the extracts 
than either the nondistillable N portion or total N of the extracts . 
Stanford concluded that removal of organic N by successive water or 
dilute salt extractions represented a gradual and somewhat selective 
dissolution of N forms susceptible to mineralization. 
Stanford and DeMar (88 ) simplified NHJ distillation by using a 
modified Conway microdiffusion procedure. This procedure allowed dif­
fusion of NH3 into boric acid at room temperature during a 16-20 hour 
·period . They extracted organic N by autoclaving with 0. 01� CaCl2 ( 121C 
for 16  hours ). The relationship between diffusible NH3 (by micro­
diffusion) and mineralizable N (anaerobic for 13 weeks ) was very good 
(r = . 95**) . Diffusible NH3 was more reliable than the nondistillable 
N or distillable N fractions. They suggested that N extracted during 
shorter time periods "-'"ith boiling  water or Na4P207 may be a reliable 
index for soil N availability. 
Recently , S�&l.th and Stanford (74) reported on the evaluation of 
hot 0 .01� CaCl2 (autoclaving at 121C ) , total N ,  and total C as indexes 
of N availability for 34 soils collected from various areas of the 
United States. Microdiffusion N or distillable N correlated with 
anaerobic incubation (r = . 92**  or .96** , respectively)  and with 
aerobic incubation (r = . 88** or . 88** , respectively ) . Correlation 
of total N and total C with mineralizable N was lower (r � .74** ) .  
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These data indicate that extraction of organic N with hot water or hot 
Na4Pz07 may be of value in estimating the availability of organic N. 
Another hot water soluble N test has been proposed by Keeney and 
Bremner ( 49). Soil samples were boiled for one hour with water and, 
after c ooling , KzS04 was added to aid filtration. Total N was then 
determined on an a.liquot of the filtrate. The determination of total N 
instead of distillable N was the main difference between this hot water 
test and the test suggested by Stanford. Total N means Fraction I and 
II in Table 1 and di stillable N corresponds to Fraction I. The dif­
ference between the fractions discussed here and those in Table 1 is 
that hot water or hot Na4P2o7 was used to hydrolyze organic N instead 
of hot HCl. Uptake of N by the second and third cuttings of ryegrass 
( Lolium. multiflorum) was highly correlated with the proposed hot water 
. ** soluble N test (r  = . 77 ) .  Other test s that had similar r values were 
aerobic incubation ( r  = . 71** )  and anaerobic incubation (r = . 73**). 
Alkaline permanganate , microdiffusion with NaOH , and total soil N 
correlated poorly with N uptake.  The proposed hot water soluble N 
test was not affected by air-drying or storage of samples for 48 weeks. 
Nitrogen uptake by the first c rop of ryegrass  was not used in the 
organic N test c orrelation analyses because it was highly correlated 
(r  = . 93**) with inorganic N initially present in the soil. 
The proposed hot water soluble N test was evaJ.uated by Chalk and 
Waring (21 , 22 ) .  They showed that this test was highly c orrelated 
(r  = . 89* * )  with plant N uptake in a greenhouse study. They found 
total soil C and total soil N correlated simila.rily with N uptake 
** 6** (r = . 87 and . 8  , respectively). Therefore, they suggested using 
organic C as a  N soil test. Ryan, Sims , and Peaslee ( 70 )  found that 
the only time hot water soluble N was significantly correlated with N 
uptake was for the third crop of sorghum (Sorghum bicolor L) . Their 
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greenhouse experiment showed that incubation tests were more closely 
related to N uptake than the hot water soluble N test. The hot water 
soluble N test was also evaluated by Kadirgamathaiyah and MacKenzie 
(45) .  Hot water extractable N was highly correlated with percent yield 
( yield of no N treatment X 100/yield of adequate N treatment ) 
(r  = . 739** )  and w:tth N uptake (r = . 896** ) of Sudan- sorghum hybrid 
grass ( Sor ghum sudanese X bicolor L) . Correlation coefficients 
obtained between Fraction I, II , or I +  II (see Table 1 )  with percent 
yield or N uptake were lower than the correlation coefficients between 
hot water soluble N and percent yield or N uptake. Aerobic and 
anaerobic incubations were significantly correlated with percent yield 
and .N uptake. Initial N03-N was correlated with N uptake of the first 
harvest (r = . 44** ) .  
Munson and Stanford (58 )  found initial N03-N  highly correlated 
with N uptake of German millet (Setaria italica ) (r = .942 ** ). Alka­
line permanganate N correlation with N uptake was r = . 696 ** . Cor­
relation values for total N were lower than for N released by aerobic 
incubation. They found a highly significant correlation between 
* *  
aerobic incubation and N uptake (r  = . 905 ) .  
Jenkinson (44) proposed the determination of "glucose" 
( polysaccharide measured as glucose equivalent ) as a measure of N 
availability. He found the amount of glucose e�racted by Ba ( OH )2 
was significantly correlated with the yield of unfertilized barley 
in 36 field experiments (r  = . 83**) .  The correlation between glucose 
and yield response from N was smaller (r = _ _  54**) . In a greenhouse 
experiment with 14 soils he compared several chemical N tests. Cor­
relation coefficients obtained between these tests and N uptake of 
ryegrass were as follows : ** glucose extraction, .70 ; hot water 
* ** 
soluble N • • 65 ;  hot NaHCOJ soluble N,  . 70 ; NHJ released by hot 
Ca (OH)2 , . 67** ; and NH3 released by alkaline permanganate, .28. 
Last and Draycott ( 52 )  studied N soil tests for predicting 
fertilizer N requirements of sugar beets ( Beta vulgaris L) . The 
results of 65  field trials showed that Ba (OH)2 extractable glucose 
was related to optimum N application rate ( r  = - . 32*) and to increase 
** sugar yield from applied N (r  = -.49 ) • Anaerobic incubation was 
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studied for eight locations and showed a higher correlation to optimum 
N application rate ( r  = - . 84**) . Inorganic N of air-dried spring­
collected soil samples was moderately well correlated to optimum N 
application rate ( r  = - .48**) and increased sugar yield from applied N 
(r  = -. 49**). 
Total N and organic matter have been used as N availability soil 
tests. Ward and Carson ( 99 )  found that organic matter was significantly 
correlated to yield response from applied N. However, Scarsbrook (71 ) 
and Bremner (7) have suggested that the total N soil test should be 
used with caution because of the many factors that influence 
mineralization of total organic N . 
2 7- 2 1 9 0 
Chemical tests that measure or ganic N have been successful 
in the greenhouse for predicting N uptake and dry matter yield 
increases from applied N .  Hot water soluble N was a good index of 
N availability under greenhouse conditions. Alkaline permanganate 
distillable NH
3 
gave inconsistent correlation results with yield 
parameters in greenhouse studies . The extraction of readily 
mineralizable N by Na4P2o7 may be a good N soil test although 
correlation studies with yield increases and N uptake were not 
available for evaluation. Field evaluation studies of the organic 
N soil tests were very limited. 
Inorganic N 
The above discussion has pointed out that correlation of organic 
N soil t ests with N uptake or yield para.meters have usually been 
higher for the second or third crop harvest . First harvest N uptake 
or yield parameters usually correlated better with initial N03-N 
and/or NH4-N than with organic N soil tests. This indicates inorganic 
N plays a greater part in N availability than has been considered in 
the past (7 , 71 ) .  In a recent review, Bremner ( 10 )  evaluated several 
. metho�s C?f estimating the availability of soil N to crops . He con­
cluded that N03-N accumulation in soils may be a better estimate of 
N fertilizer requirements for crops than organic N tests. 
Nitrate-N is soluble a.�d does not react chemically with clay 
minerals . This means the total supply of N03-N in the root zone is 
potentially available (71 ) �  Since N03-N  is soluble it may be leached 
14 
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from the root zone in areas where significant percolation occurs. 
Percolation amounts have been shown to be small in the Great Plains 
area (71) . Therefore , there has been much interest in NOJ-N accumu­
lation in the root zone as a N soil test in climatic regions similar 
to the Great Plains. 
Soper and Huang ( 75) found the highest correlation with percent 
yield (yield with fertilizer N = 100%) and the logarithm of the No3-N 
content of a 122 cm soil profile (r = . 95** for 9 field locations) . 
Herron (39) and Herron et al. (40) found corn absorbed N03-N to depths 
of 1 52- 183 cm in a deep loess soil from central Nebraska . Since most 
of the precipitation occurred between May and September, N03-N 
leaching w-as kept to a minimum because corn roots absorbed N03-N from 
these depths. They suggested N03-N leaching may be severe with exces­
sive use of N fertilizer or irrigation water, and recommended applying 
fertilizer N according to the N03-N test . In Wisconsin, Dancer and 
Peterson (25 ) found that corn roots recovered N placed to depths of 
69 cm. This work substantiates that NOJ-N present within the root 
zone is available for crops. 
Grunes et al.. (36 )  studied the effects of added N on the yield 
increase of crops at field locations in 12 western states. Although 
no regression or correlation analyses were made, . they observed that 
the majority of the crops responded to added N when soil N03- N  
concentration was relatively low. For example, 25 of the 36 locations 
that responded to added N had surface soil (0- 18 cm ) initial N03-N 
levels of less than 7 . 4 ppm N .  When initial N03-N levels were less 
than 7. 4  ppm N in the subsoil ( 18- 53 cm ) ,  yield response occurred at 
29 of the 36 locations. With the assumption that 15 cm of soil 
weighs 2 ,000,000 kg/ha , these data show that over 70% of the N 
responding locations probably contained less than 65 kg N03-N/ha 
in a 53 cm soil profile �  Spencer, MacKenzie, and Viets (82) found 
a good correlation between N uptake of irrigated corn (0 N plots ) 
and initial N03-N in the 0-30 cm profile (r = . 632** ). The corre­
lation coefficients obtained between N uptake of other irrigated 
crops (0 N plots) and the initial N03-N in the 0-30 cm layer of soil 
were : sugar beets , r = .698** ; sorghum r = . 592**; and cotton 
(Gossypium hirsutum) , r = . 804** .  
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Young et al. (103) worked with 66 dryland wheat (Triticum 
aestivum L )  and barley locations in North Dakota. They found initial 
N03-N in air-dried soil samples correlated with maximum yield response 
to N fertilizer. The highest correlation coefficient was obtained 
between maximum yield response and N03-N  content in the 0-61 cm 
profile (r = - . 36**) .  Correlation coefficients between maximum 
yield response and N03-N in the oth6r profiles were as follows : 
* * 0-30 cm , r = -. 31 ; 0- 91 cm , r = - . 32 ; and 0-122 cm, r = - . 28. When 
climatic variables were included with the N03-N content of the 0-61 
cm profile in the multiple regression equation, the correlation coef­
ficient improved to R = . 70 * * .  Soper, Racz, and Fehr ( 76) worked 
with 22 barley field trials over a seven-year period and found that 
the correlation between N uptake of barley and N03-N in the soil 
profile was highly significant. The highest correlation coefficient 
was found for N03-N content in a 0-61 cm soi l  profi le (R = . 92
** for 
the quadrati c  regression equation develope d) . Other workers suggested 
that the N03-N content in the 0 -61 cm profi le was a good estimate of 
N avai labi li ty ( 31 ,  60 ) .  
Some research has indi cated that inclusi on of exchangeable 
NH4-N wi th the N03-N soi l  test gave higher cor relati on coeffi cients 
wi th N uptake  or wi th yi eld  respons e from appl1. ed N ( 35 ,  41 , 1 0 2) .  
Recent work in C olo rad o  c ontr adi cts earlier work (35 )  whi ch suggested 
that a combined NH4-N and N 03-N test was be tter than N 03 -N alon e. 
Recently they found N 03-N to be a better N avai labili ty index than 
N 03 -N + NH4 -N (J. O. Reuss, C olo rado State University, pers onal com­
m\.Uli cati on) . N uttal, Zan dstra, and Bowren (60)  found that exchange­
able NH4-N was a questi onable test for N av ailabi li ty. 
The revi ew by Scarsbrook (71 )  suggests that most plants use 
more N i n the No3�N than the NH4-N form wh en grown on well aerated 
soil s. Spratt and Gassar (84) compared the uti lizati on of NH4 -N and 
N 03 -N forms of ferti lizer N by plants. A nitri fi cati on i nhi bitor 
was used with the NH4-N form to keep it  from bei ng nitrifi ed to NO�-N. ✓ 
T heir fi eld study with wheat found that duri ng the most rapid peri od 
o f  growt h  i t  grew faster and absorbed more N from the NH4 -N form than 
from the N03-N form of N .  At maturity wheat had uti li zed 58% of the 
N 03 -N form of fertilizer N comp ared to 43% utilizati on of the �TH4-N 
form of fertiliz er .  In field and greenhouse studi es where soi l 
1 7  
moi sture stress li mited growth they found that the NH4-N form was be tter 
than or equal to the N03-N form for increasing dry matter produc ti on 
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and N uptake (83 ) . When water was not limiting ,  NOJ- N  produced higher 
yields (grain and dry matter) of wheat. They concluded that wheat 
yields from NH4-N fertilizers were equivalent to NOJ- N  fertilizers 
in semi-arid climates • but were less effective than N03-N  ferti­
lizers in humid climates (this assumes that N remains in the NH4- N 
form) . This evi�ence indicated that exchangeable NH4-N must be 
considered in evaluation of a soil N availability. Care must be 
taken to dete�ne exchangeable NH4-N within a short period after 
collection because exchangeable NH4-N  values increase considerably 
upon storage (6 ) . This increase is much greater for exchangeable 
NH4-N than for N03- N  (6) . 
Evaluation of an inorganic N soil test must include the 
possibility of N loss by leaching since N03-N leaching can be severe 
in humid areas ( ?1). Stewart ( 91 )  indicated that N03-N leaching could 
be predicted by Li ven t s e quation which i s :  
d = a/Pv • 100 
where d = depth of leaching in cm , a = amount of leaching water :i.n cm , 
and Pv = percent field capacity (volume basis). This simple e quation 
has successfully illustrated the ease of N03- N  movement in soils. 
Cas sel ( 20 )  used an equation analogous to Liven ' s  equation and it 
over-c alculated No3-N  leaching 33 to 44% in a Svea loam soil in 
North Dakota. Evaporation was acc ounted for by covering the soil 
with plastic on one set of plots and assuming an evaporation loss 
on the uncovered plots . Nitrate - N  leaching studies by Boswell and 
Anderson ( 4) and Herron et al. ( 40 )  showed less leaching than expected , 
but the y  did not c onsider evapotranspirat ion 'Wh� n t hey est imat ed t he 
amount of N 03-N le aching . Fox et al . ( 32
) report ed that Liven' s 
equation pred ict ed N 03 -N distribution in Turkish soils very we ll. 
They found that 1 0  cm of winter pre cipit at ion virt uall y  leac h ed t he 
surface 20 c m  of soi l fre e of N03-N be fore significant root develop­
me nt of winter whe at c o�d use the N03-N. The y  observed t h at N03-N 
accumulatio n during fallow was a go od inde x o f  N availabi lit y. 
Recent research on the avail ability· of i norg anic N shows t he 
import ance o f  t his fraction in the pre dict i on of efficient rates of 
N fertilizatio n. The possibility of  combin ing an inorganic N t est 
wit h an organic N te st is ano ther approach for est ima ting N avail a­
bilit y. Reuss and Geis t  (68) have discusse d a t heor etic al approach 
t o  this type of availabilit y t est . Their d iscussio n develope d a 
t ot al available N equation: Total avail able N = x 1 + aX2 
where  x1 = inorg�ic N ,  x2 = an index of organi c  N ,  and a =  fraction 
of t he organic N releas ed f'or the c rop. Ge ist et al. ( 35) evaluated 
this c once pt using irri g ate d ' Moravian ·• barley (Hordeum. distichum L) 
and vario us N soil t ests. T hey suggeste d using N aOH dist illable 
organi c N plus inorganic N fo� predicti ng N use on  irrigated barley. 
When ino rganic soil N in a 0-30 cm profile was combined with N 
fertilize r rat e  applie d and 1oi of t he N aOH dist illable organi c N 
into an availability index , a si gni ficant correlation was obt ained 
between grain yield a nd the N avai lability index (R = . 81 * * ) . 
1 9  
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Biological N Tests 
Some biological tests have involved the measurement of inorganic 
N mineralized from organic N during a given period of soil incubation. 
These incubation tests have correlated moderately well with N yield 
response in field experiments and very well with N uptake in greenhouse 
trials ( 7 , 58 , 62 , 71 ) .  
One shortcoming of the incubation test is the required 10- 14 day 
incubation period. The incubation time required for each soil sample 
makes it almost prohibitive to use the incubation test in soil testing 
laboratories that handle a large volume of samples. Another short­
coming of the incubation test is that drying method, storage time, 
etc. affect the amount of N released during incubation (7, 37, 5?) . 
Field correlations have not been successful enough to outweigh the 
disadvantages of sa.1nple handling and incubation time � 
Estimation of CO2 production after a readily decomposable 
organic source is added to the soil (7) is another form of incubation 
test. The same disadvantages occur for the use of this test. 
Estimation of microbial growth or pigment production has 
received some interest as a biological N soil test. Boswell , Richer, 
and Casida (5 ) found that the pigment production of the proteineaceous 
bacterium, Pseudomonas aeruginosa , _  was highly correlated with 
nitrifying capacity of the soil. 
The disadvantages of biological tests are great as discussed 
above. ?-.fany researchers have recently found better correlation of 
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N response with chemical N tests than with incubation tests (35 , 36, 
51, 82 ). Therefore, the evaluation of biological tests for predicting 
N use on crop land appears to be unnecessary. 
Factors Affecting N Fertilizer Response 
Several field studies have shown that inorganic N soil tests 
are useful for predicting soil N availability for crops, but cali­
bration and use of the tests vary among states ( 98) . These differences 
exist because field calibration data and climatic factors are different . 
Grunes et al. (36 )  concluded that fertilizer N yield responses were 
related to climate e 
Temperature 
Smika, Black, and Greb ( 73 )  a.nd Parker and Larson ( 64) showed 
that soil temperature affects the rate of  No
3
-N release from organic 
soil N. They fo�d cooler soil temperatures under a mulch system and 
less N03-N . Smika , et al. found that low wheat yields associated with 
the mulch were a function of low soil temperature rather than low 
Dryland winter wheat yields in Montana were related to moist 
soil-degree days of the 7. 6 cm layer of soil during ¥.iay (2). Moist 
soil-degree days were calculated by multiplying the number of days 
the 0-7. 6  cm layer was moist · (less than 10 atm suction) by the May 
mean maximum soil temperature of those days . In North Dakota, degree­
days above a maximum base 0£ 21C from 5-60 days before harvest was 
found to be one factor that was significantly related to applied N 
yield response s of spring wheat and barley ( 103) . Growth chamber 
studie s have shown that small grains produce the most dry matter when 
the temperature is about 18C ( 33 ,  95) .  Usually cereal growth 
decreased rapidly when temperatures were greater than JOC. 
A comprehensive study of growing-degree days for barley was 
conducted by Nuttonson ( 61 ) .  He found that barley growth stages 
could be predicted from growing degree-days above a base of 4. 4C. 
His data suggested the importance of relating temperature to small 
grain yields. For example, if high temperatures increase barley 
development at a rapid paee , there is less time for synthesis of 
carbohydrates. The end result may be smaller yield increase s from 
f�rtilizer N when temperatures are high. 
Soil Moisture and Rainfall 
Available soil moisture at planting has been shown to be an 
important factor in the growth of wheat (29).  Bauer ,  Young, and 
Ozbun ( 1 ) found that spring wheat and barley yields were related 
to rainfall during the growing season ( r  = . 405* * ) and available 
soil moisture at planting (r = . 323* * ). Rain�all and available soil 
moist�e :were aJ.so correlated �'"1th the maximum yield increase from 
added fertilizer N (r = . 412**  and r = . 588* * • respectively) s  Ramig 
and Rhoades (66 ) illustrated that maximum winter wheat yields on 
low N soils could be obtained when N application was adjusted to 
22 kg N/ha for every 7e 6  cm of available soil moisture at planting 
time. Brown ( 18 )  observed that N fertilized winter wheat extracted 
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did not decrease barley yields according to Schreiber and 
Stanberry (72) . They found that ?5% of the yield variance for 
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moisture treatment was explained when soil moisture tension differences 
occurred during the pollination stage . Stanberry and Lowery ( 85) 
measured the zones of soil moi sture extraction by barley roots . 
Assuming that barley roots extracted water from the top 122 cm of 
soil, it was found that 42% of the total water extracted crune from 
the 0-30 cm layer , 31% ft om the 30-61 cm layer , 18% from the 61-91 om 
layer , and 9% from the 91-122 cm layer . 
Young et al � ( 103 ) related moisture , temperature , and N soil 
tests with maximum yield response to N .,  Data from 66 small grain 
fertilizer trials were used in a multiple regression analysis. The 
independent variables showing most promise by simple ·correlation were 
used first. Stored available soil moisture at seeding to 122 cm or 
dry zone (SM) and rainfall from seeding to five days before harvest 
( Pr) were significantly correlated with maximum yield response to N 
(YN) (R
2 = .40J) . Adding temperature expressed as degree-days above 
' 
2 ' 21C for a 5-60 day period before harvest (T) increased R to . 429 . 
2 Inclusion of NOJ-N content of the 0-61 cm profile ( I )  increased R 
to .497 , an improvement significant at the 1% level. Other inde­
pendent variables did not increase the proportion of explained 
variation to any extent . The multiple regression equation for these 
four independent variables were : 
YN = J86. 2 + 2 . ?0SM + 1 . 91Pr - . 943T - 2 . 22I 
where YN· = kg/ha , SM = mm, Pr = mm, T = degree-days , and I =  kg N/ha. 
The above equation illustrated that calibration of a N soil te st in 
t he fie ld mus t include the climat ic factors for it to be a re liable 
guide to efficient fe rtilize r N use. This was conclude d be cause the 
coefficie nt of de termination ( r2 ) be tween N03-N conte nt of the 0 - 6 1  
c m  profile and maximum. yie ld response to N was . 130 compared to . 497 
for the above equa tion. 
T he review of literat ure has shown that m any inorganic and 
organic N soil te sts have been  corre late d· to the N supplying ability 
of the soil. The succe ss of the se corre lations depe nde d on the type 
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of evaluation. Whe n N soil te sts were compare d to amount of inorganic 
N mi neralize d during incubati on, they were usually highly corre late d. 
In greenhouse studie s the N soil te sts usually corre late d sign ificantly 
wi th N uptake and dry matte r yie lds. Many of the N te sts have not 
been corre late d to N yie ld res ponses in the fie ld. When N soil te sts 
have bee n  evaluated with N re sponse in the fie ld the inclusion of 
climatic fac tors has improve d the pre dictability of the re sponse . 
Therefore , some of the more re liable soil N te sts discusse d in the 
review nee d  to be e valuate d with N yie ld res ponse s obtaine d in the 
fie ld un de r  S out h  DaKota climatic conditions. 
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METHODS AND MATERIALS 
Field Methods 
Small Grain Trials 
Fifty-two small grain fertility trials c onducted between 1963 
and 1969 were used in one phase of the study. These trials were 
established on farmer-cooperator fields throughout South Dakota as 
shown in Figure 1 .  Forty-four trials wera established on continuously 
cropped land without recant legu.uie growth or applications of barnyard 
manure. Tha other eight trials were established on summer fallowed 
land. Winter wheat was grown on fallowed land at seven locations .  
Spring wheat was grown at 27  locations ; oats at nine locations ; and 
barley at nine locations . 
The 1963 and 1964 trials were seeded with a single disk type 
drill with openers spaced 21 cm aparte These openers were mounted 
on an Allis Chalmers model ''G" garden tractor.. The remainder of the 
trials were seeded 'With a John Deere press drill with double disk 
openers spaced 1 5  cm apart for the spring small grains and JO cm 
apart for winter wheat . Seedling esta.b1ishment was observed to be 
much better with the press drill� 
All fertilizer was applied with the seed . Rates of 
fertilizer for a prescribed seeding dista.r1ce (usually 12 . 2  m )  were 
placed on an endless belt that delivered the fertilizer to a cone 
divider . The cone divider split the fertilizer into six equa1 parts 
HARDING PERKINO CORSON 







BENNE l T  
SHANNON 
Yea.r of small grain trials 









Figure 1 .  I.ccation of small grain an













YOE HAND 0 
'ZLlN 
8Et.DL£ -' 1NGS8U 't 
JERAULD \St.MSORN I MINEE3[]' LA�£ 
'moooY 
0 
o\ e e 








before it was delivered to the openers. Rates of N applied to the 
small grains were 0 ,  1 7 ,  34 ,  and 67 kg N/ha. Fertilizer N source was 
NH4No3 • Phosphorus fertilizer was applied at varying rates. Yield 
increase from a given rate of N was obtained at the P rate that pro­
duced the largest yields . More details of the experimental locations 
may be found in Agronomy Pamphlet No. 85 , 87 , and 90 and Plant Science 
Department Pamphlet No . 1 (27 , 28 , 38 , 100 ) .  
Rainfall amounts were recorded by farmer-cooperators in  most 
cases. When rainfall data were not available from the cooperator they 
were obtained from the nearest U. S .  Department of Commerce , Environ­
mental Data Service reporting station ( 96 ).  All temperature data were 
obtained from the Environmental Data Service reporting stations. 
Recommended varieties of small grain were planted. Experimental 
trials that had obvious weed infestations were sprayed with one of . the 
recommended herbicides e 
Soil samples were randomly taken before each trial was seeded 
(usually the same day) with the exception of the winter wheat trials 
whi-�h were sampled the ensuing spring (usually mid-April) . Soil 
samples were also taken at harvest. Soil sample depths were 0-1 5 ,  
15-30 , · 30-61 , 61-91 , and 91-122 cm. A composite sample was taken 
from each depth . Samples taken for soil fertility tests were placed 
in paper bags and those �ake_n for soil moisture determinations were 
placed in air-tight cans. 
Grain yield samples were collected by harvesting the middle rows 
of each plot with a small plot combine . They were taken when the 
grain was ripe .. They were dried to constant moisture and cleaned 
before final yields were calculated .  Grain yields of  oats , barley, 
and wheat were reported as quintal/ha and were the average of four 
replications. 
Yield response from an application of N was used as the yield 
parameter for this study. Yield response was calculated as the 
actual yield difference between the yield of a given rate of N and 
the O N  treatment. Adequate P was applied to both treatments. 
The P rate was constant for each location but varied among locations. 
Yield responses were calculated for 17 , 34 ,  and 67 kg/ha rates of N. 
Corn Trials 
Three oorn trials that involved rates of N were studied. The 
trial at the Southeast Experiment Farm (hereafter referred to as SE) 
in Clay County (Figure 1 )  consisted of the following rates of N :  0 ,  
90 , 179, and 269 kg N/ha. These annual rates of N were first 
applied in April,  1968. The source of N was NH4No3 • The trial also 
involved £our planting dates. Individual plot size was 5 by 34 m. 
The soil of the plot area was classified as an Egan-Viborg 
complex (.Udic Ustoll) ( 81) o Egan soils are deep, friable, well 
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drained silty clay loams developed in a silty cap over glacial till. 
Viborg soils are moderately well drained associates of Egan soils ( 101 ). 
Random soil samples were collected from the following profile 
depths : 0-15, 15-JO ,  30-61 , 61-91 , 91-122 , 122-152, and 152-183 cm. 
Soil samples were taken from each N rate of the second and fourth 
planting dates i n  Novembe r of  1969 , 1970 , and 1 971. Soi l  profi le 
samples we re taken from the O and 179 kg N/ha treatments to a depth 
of 1 22 c m  during the 1971 growing season. 
De tai ls of  the experimental results of  the SE loc atio n  may 
be o btained from the Eighth ,  Ninth ,  Tenth , and Eleventh Annual 
Progress  Reports ( 77 ,  78 , 79 , 80 ) . 
Fi ve rates of  N ( 0 , 36, 1 1 2 , 360 ,  1 1 20 kg N/ha) as NH4No3 
were appli ed in the spring of 1 969 at the Whetstone Val ley Farm (WV) 
in Grant County (Fi gure 1) . No additional N was appli ed aft er the 
ini tial applic ation.  Th e  soi l  was c lassifi ed as a Peever-Cavo ur  
co mplex (Udic Bo ro l1) (8 1 ) .  Peever soi ls are dark colo red, fri able, 
si lty c lay lo ams developed in fine text ured glaci al ti ll on level to 
slo ping uplands . The associated Cavour soi ls have natric ho ri zons 
(Na+ dispersed) that are dense  c laypa.n hori zons .  Replic ate II was 
mostly C avour soi l and replic ate I was mos tly Peever whi le the o ther 
two replic ates had varying amounts of the two soi ls .  Indi vidual 
plot si ze was 7 . 3  by 1 5. 2 m. 
Ear corn yields were harves ted from the c enter rows by hand. 
Final yi elds we re acfjusted to 1 5% mois ture. Forage s amples ( s talks 
and ears ) were tak en from 4. 6  m of  row in Sept emb er of  1971. The 
fo rage samples we re dried at 65c for two days to determine moisture 
content. 
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Soil samples were taken in 15 cm inc rements to a depth of  122 cm  
at the end of  each growing s eason (late fa.11 or  early s pring) . All 
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treatment s and replications were sampled after . the 1 969 and 1970 
growing seasons. Only the 0 ,  360, and 1 120 kg N/ha rates were sampled 
in the fall of 1971 . 
The same five rates of N that were applied at the WV location 
were applied at the West Prairie Coteau Farm (WPC ) in Clark County 
(Figure 1 ) . Two replicates of the N rates wera applied in the spring 
of 1969 and the other two in the spring of 1970. Ear corn yields , 
forage samples, and soil samples were taken in the same manner as at 
the WV location. One exception was that soil pro·file sample s were 
taken from all five N rates in the fall of 1971. 
The soil type of the WPC site was a Poinsett silty clay loam 
. (Udic Boroll) (81 ) .  Poinsett soils are nearly black, deep, friable, 
well drained silty clay loams of convex areas (101 ) .  
Soil profile samples were taken from the WPC and WV locations 
at the beginning , middle, and end of the 1971 growing season. The 0 
and 360 kg N/ha treatments were sampled. The 0-15 ,  1 5-30, 30-61, 61-91 , 
and 91-122 cm increments of soil were sampled. 
Laboratory Methods 
Handling Soil Samples For Chemical Tests 
Soil samples taken in early spring or late fall were air-dried 
within two days after collection � When they were taken in the summer, 
they were air-dried the same day. After drying , each sample was 
crushed to pass  a 2-mm sieve . Samples collected from the corn trials 
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were stored in paper bags at room t emperature. S oil  samples from the 
small grain trials were stored at room temperature in soil sample 
cartons lined wi th plasti c  bags . 
Handling Soi l Samples for Moi sture 
Soil moisture cor1tent at planting and harvest time from the 
small grain trials was determined by oven drying the soil samples 
for 48 hours at 1 05C . Available water was calculated as the di fference 
between t otal soil moisture content and the moisture content at 1 5  atm 
tension or moi stur e content at harvest whichever was lowe r. The 15 
atm value was always used for the 0- 15  cm layer . Total  water used 
was calculated as the total rainfall from seeding to 5 days before 
harvest plus available soi l mois ture content at  planting minus 
avai lable soil moisture c ontent at harvest. 
Growing-De gree Days 
Temperature was described as growing-d egree days. Growing-degree 
days ( GDD) we re calculat ed for the small grain trials according to the 
method of Nuttonson (61 ) .  The eq uati on for calculating GDD was: 
GDD = ( max. daily temp. + min. daily temp. ) /2 - 4. 4C 
x no. of days 
The maximum a nd minimum daily temperatures were o btained from the 
nearest report ing station (96 ) .  Growing degree-days were  calculated 
for two periods. T he first period was consi dered to be the pe ri od 
from planting to heading. Since heading dates were not recorded for 
the trials, the pe ri od for nine we ek s  aft er planting was used to 
represent growth from plant ing to heading. The second pe riod 
was considered to  be the period from boot stage to maturity. 
Maturity was assumed to be five days before harvest , and the 56-day 
period prior to maturity was consi dered to be th e peri od from boot 
stage to maturity. 
Chemical Soil Tests 
1 .  Water soluble N03 -N was ext racted with a soil to water 
ratio of 1 : 3 . The samples were shaken for five minutes on a 
rotational shaker. A small amount of C ao was added to obtain a 
clear filtrate. Nitrate-N was determined by the phenoldisulfoni c  
acid colorimetric method (8) . No attempt was made to remove el­
and KOH was used to develop the yellow color. N itrate-N was deter­
mined on sample s within two weeks after collection. 
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2. Exchangeable NH4-N was determined by direct steam 
d istillation of  the soil according to the micro-Kjeldahl scheme 
of . Bremner and Edwards ( 1 1 )  and Keeney and Bremner ( 5 0 ) . Exchangeable 
NH4-N was determined within two weeks after receipt of the soil 
samples . taken from the corn trials. 
3 . Organic matter was determined by the colorime tric chromic 
acid method d escri bed by J ackson ·( 42) wi th- modificati ons (unpublished 
data, S oil Testing Laboratory , South Dakota S tate Univ ersity) . 
4.  Total soil N was determined by the macro-Kj eldahl procedure 
described by Bremner (9) . The soil was presoaked for .3 0  minutes with 
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50  ml liiO • Digestion with 1 0  g K2so4 and . JO g C uS04 (Kel-Pak No. 2) 
was assumed complete after three hours., 
5 .  Hot water soluble N was determined by the method of Kenney 
and Bremner (47) wi th the exc epti on that a hot plate was used to 
boi l the samples i nstead of a steam bath. 
6.  Sodi um pyrophosphate soluble N was d etermined accordi ng to 
the suggesti ons of Stanford (86) and Stanford and De¥ar ( 89) .  They 
had suggested that a rapi dly mineralizable form of N could be esti­
mated- from the distillable N porti on of a hot 0 . 5� Na4P2o7 ext ract. 
Soi l samples were collected from the SE location at the beginning 
of the 1 971 corn growi ng season to study the ext racti on of di stillable 
N by the Na4P2o7 • T he di s_tillable N porti on was ext ra.cted by 
boili ng the so_i l  wi th 0 . 5� Na4P2o7 ( 1  : 2. 5  rati o) for one or two hours 
to determine the additional N extracted by the second hour of boiling. 
The amount of disti llable N ext racted by a soi l to soluti on rati o of 
1 : ·5 was compared to a rati o of 1 : 2. 5 . The amount di sti llable N 
e� racted by 0 . 5� Na4P2o7 at room temperature for one hour was 
compared to boili ng for one hour. 
These compari sons are s hown i n  Table 2. There was a very close 
relati onshi p  betwe en N e xtracted by boili ng with 0 . 5li Na4P2o7 
( 1 : 2. 5  rati o) for one hour and t�e other three compari sons. The 
amount of di stillable N from the three boi li ng ext ractions was 
similar. Di sti llabl e N ext ra� ted by - 5! Na4P2o7 at room temperature 
was consid erably less than ext racted by boi li ng. Room tempe rature 
distillable N apparently was little more than �xchangeable NH4-N. 
This conclusion was reached by comparison of the exchangeable NH4-N 
mean in Table 3 ( 12.4 ppm N ) with the room temperature mean in 
Table 2 ( 14. 6  ppm N ) . The correlation coefficient between the two 
variables was r = . 964** .  
Table 2. Relationship between distillable N after extraction with 
boiling 0 . 5!!_ Na4P2o7 for one hour with a soil to solution ratio of 1 : 2 � 5  and two hour boiling , 1 : 5  ratio, and room 
temperature extraction . 
1 hr. boiling Distillable N 
1 : 2 . 5  ratio r b mean 
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versus coeffj_ci.ent coefficient ppm N Intercept 
1 hr. boiling 27. 1 
. 1 : 2.5 ratio 
2 hr. boiling . 922** 1 .. 072 29.0 -. 1 
1 : 2. 5  ratio 
1 hr. boiling .962** 1.079 30 . 5 +1.3 
1 : 5 ratio 
1 hr . room . 951*
* . 981 14 . 6 -12 . 0  
1 : 2 . 5 
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7 . 7  
7 . 8  
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9 . 1  
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The amount of exchangeable NH4-N found i� some soil samples 
left a question whether to report gross distillable N or to report 
net distillable N. So il samples collected one month aft er N appli­
cation (179 hg N/ ha) contained higher value s of exchangeable NH4-N 
than soil samples from th e O N  treatment (Table J ) . When exchange­
able NH4-N values were subtracted from the 0 .5  � N a4P2o7 distillable 
N values , the net values were lower for the N fertilized soil than 
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for the O N  soil .  T his indicated that exchangeable NH4-N was an 
import ant pa.rt of the distillable organic N fract ion. Since exchange­
able NH
4
-N is read ily available for plant use and the distillable N 
is supposedly readily mi neralized, it was decided that the distillable 
. N fraction should be a gross measure of distillable N.  
The basic procedure was: 
(a) Wei gh 4 g soil into 1 25 ml Erlenmeyer flask. 
(b) Add 10 ml O . � Na4P2o7 adj usted to pH 7 . 
(c) Plac e air c ondensers on Erlenme yer flasks and boil for 
one. hour on a hotplate calibrated for 100C. 
( d) Add tu ml. aliquot of 1 0% ( w/v) K2so4 after cooling. 
( e.) Filter suspension through  What:ma n N o. 4 2  filter 
paper under suction. 
( f) Place a 1 0  ml aliquot of filtrate in a mi cro-Kjeldah1 
flask , add 1 ml 4o% NaOH , and steam distill for 4 
mi nutes accordi ng to Keeney and Br emner (47 ) . 
Plant N Test 
Total plant N was determin.ed by the ma cro-Kj eldahl technique 
us ing 10 g K2so4 and . JO g CuS04 as a catalyst (89) .  
Statistical Analysis 
Small grain N yield responses were related to 23 independent 
variables by use of a step wise multiple regression analysis 
pro gram. The regression program was provided graciously by 
Dr. Lee Tucker , Experiment Station Statistican . F-test technique 
was used to test the significance of sum of squares attributable 
to regression. 
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Analyses of variance of the soil test data from the corn trials 
were calculated by computer and tested for significance by F-test 
according to Steel and Torrie ( 90). Linear regression and c orrelation 
analyses of the c orn trials ware conducted according to Steel and 
Torrie. 
RESULTS AND DISCUSSION 
Fert ilize r  N rat e expe rime nts involving small grain and corn 
in the fi eld we re use d t o  study the value of N soil te sts for e sti­
mating the N supplying ability of the soi l. Di st ribution of N03-N 
in soil profile s was dete rmin,e d  by sampling fe rtilize r N rate 
experiments with corn. 
Re sults of this study are discusse d unde r thre e se ctions. 
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I n  t he first se ction N soil te sts are evaluate d by  re lating them to 
small grain N yi e ld re sponse s. Throughout the Re sults and Discussion 
N yie ld re sponse will re fe r to the yie ld incre ase ( quintal/ha) that 
was obtaine d from an application of N fe rtilizer whe n P was con­
side re d ade quate . Since climatic factors infiue nce the magnitude of 
N yie ld re spon se ,  the inte rre lationship of soil te sts and climatic 
factors we re re late d to N yi e ld re sponse by use of a ste p wi se 
multiple regre ssion analysis program. 
In the se cond se ction N soil tests were e valuate d by me asuring 
the change in soil te st leve l at thre e diffe rent sampling date s 
during the growing se ason . The third se ction discusse s the No3-N 
distribution in the soil profile s for two and thre e ye ars aft e r  
fe rtilizer N application. 
Re lationship o f _ N Soil Te sts and C limatic Factors 
wi th Small Grain N Yi e ld Re sponse s 
Variable s Use d in Multiple Regre ssion Analysi s 
A step wise multiple regre ssion program was use d to deve lop an 
equation for e stimating N yi e ld response � T he 23 independent variables 
shown in Table 4 were involved in the analysis.. Many of the se 
variables  were discussed in the Review of Literature . 
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Available soil moisture at planting time was shown to be 
related to small grain yields ( 1 , 29 . 66) . Rainfall or soil moisture 
tensions from planting to pollination time were shown to be important 
if they caused a moisture stress during pollination ( 3 ,  55) . Since 
pollination time was not recorded for the trials the period of 1-9 
weeks after planting was used to represent seeding to pollination 
time. Another period where moisture was shown to influence small 
grain yields was heading to near maturity ( 59 ,  72 ) .  This period was 
represented by rainfall for 5-61 days before harvest. Total rain­
.fall from planting to five days before harvest was shown to be 
important ( 103).  
Degree-day periods were selected for the same growth periods 
as rainfall. Young et al. ( 103 ) found degree-days above a base of 
21C for 5-60 days before harvest to be an important parameter of 
temperature. 
Nitrate-N content of several soil depths were included to 
establish the most suitable sampling depth for predicting yield 
responses from N fertilizer (assuming there was a relationship). 
Table 5 shows the mean value s and the range of values of the 
independent variables used in the regres sion analysis. The regression 
program was determined for 52 locations and also for 30 locations 
which will be discussed later. The highest N03-N oontent of the 0-61 
cm pro_file (x14) was 67 kg N/ha which was lower than expected 
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Ta.ble 4. De sc ri pt ion of indepe ndent variables used in the regre ssion 
analysis. 






















(X)  Variable  De scription 
Ye ar , 63-69 
Available soil H2o at planting , c m  
Rainfall 1 -9 we eks after pl anting , cm 
Rai nfall for 5-6 1 days before harvest, c m  
Pl anti ng d ate, d ay o f  year 
Degree-d ays above 4.4c base for 1 - 9  
we eks after planting 
Number of days mean temper ature 
below 4. 4c 
Degree-d ays for 5-61 d ays before harvest 
Number of days maximum temperature above 
29 . 4C 
N03-N 0 - 15  c m, kg /ha N03-N 0- 30 c m , kg /ha 
N03-N 0-61 c m ,  kg/ ha 
N03-N 0 - 9 1  c m, kg /ha 
Org anic matter , % 
Hot water soluble N ,  ppm N 
Hot N a4P20? d istill able N ,  ppm N 
Total N ,  <f/, N 
N03-N 15-30 c m, kg/ ha 
N03-N 30-61 c m ,  kg/ ha 
N03-N 6 1 -91 c m, kg/ ha 
Soil water used, c m  
Rainfall from pl anting to 5 days before 
harvest, c m  
Total water used, c m  
Table 5 .  The mean and range of observations o f  eaeh independent 































Day of year 
De gree-days 
No . of days 
De gree-days 
No . of days 
kg N /ha 
kg N /ha 










c m  




12 . 6  1 . 4-21 . 8  
17. 0 5 . 6-28 . 0  










2 . 6  1 . 1-4. 1  
90 35-212 
34 18-53 




7 � 2  -3 - 3-18 . 3  
27 . 0  18 . 3-39 . 0  
J4. 0  22 . 4-49 . 1  
* See Table 4 for description of variables .  
t Number of locations when data - for 1963 , .  1964 , 
trials -were deleted . 
30 locations f 
Mean Range 
67 65-69 
11 . 7  2 . 7-21 . 8  
16 . 6  5 . 6-27. 9 
16 . 6  7 - 9-28 . 7 
107 89-120 








2 . 9 1 . 5-4. 1 
101 47-212 
34 18-50 
. 200 . 081-·. 337 
10 0-26 
1 1  0-31 
10 0-57 
7. 6 - - 5-18 . 3  
26 . 1  18. 3-39 . 0  
33 . 6  22 . 4-49 . 1 
and winter wheat 
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( 36, 75 , 76, lOJ ) . There was a large range in rainfall values 
[( 5. 6-28 . 0  cm for 1-9 weeks after planting (x5) and 7. 9-28. ? cm 
for 5-62 days before harvest (X6 )]. Temperature vaJ.ue s were repre­
sented as degree-days above a base of 4. 4C. The range of degree­
days for 1-9 weeks after planting was 378-824 (X8 ) and for 5-61 days 
before harve st it was 777-1041 (x10 ) .  
The range of organic matter and total N value s refiects the 
areas of South Dakota where the trials were located ( 101 ). 
The relationships between the different soil N tests used in 
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the multiple regression equation are shown by the correlation matrix 
of Table 6. Nitrate-N content of various soil profiles was highly 
correlated with each other ,  especially, 0-30 cm  vs 0-1 5  cm ( r  = . 85** ), 
** **  0-30 cm vs 0-61  cm (r  = . 90 ) ,  and 0-61 cm vs 0-91 cm (r  = . 91 ) .  
High correlation coefficients were also obtained between N03-N content 
of the 0-61 or 0-91 cm soil profile and the N03-N content of the 
1 5-30 , 30-61, and 61 -91 cm layers of soil. 
The hot water soluble N test correlated with organic matter 
( �- = . 67** ) , total N ( r  = . 63** ), and Na4P2o7 distillable N (r  = . 60** ) .  
The Na4P2o7 distillable N test correlated with total N (r  = . 60** )  and . . ** prganic matter (r = . 60 ).  
Correlation matrix of the climatic factors used in the multiple 
regression equation is shown in Table 7. Rainfall for either  the 
first nine weeks after planting (x5) or for 5-61 days before harvest 
(x6 ) was correlated with total rainfall ( r  = . 69** and . 5s**, 
Table 6 .  Simple correlation coefficients for N soil tests of 52 small grain trials. 
Independent 
variable, X Description 13  14  
12 . 85** . 69** N0
3
-N 0-15 cm 
13 NOrN 0-30 cm . 90
** 
· 14 N03-N 0-61 cm_ 15 N03-N 0-:-91 cm 
17 Hot water soluble N 
18 Hot Na4P207 distillable N 
19 Total N 
16 Organic matter 
20 N03-N 1 5-30 cm 21 NOJ-N 30-61 cm 22 N03-N 61-91 cm 
* Significant at the . 05 level. 
** Significant at the .01 level . 
15 
6 **  • 2 
. 79** 
.. 91**  
Independent variable X 
17 18 19 16 
. 32* . :37** . 03 . 23 
. 18 . oo . 18 . 30* 
. 05 - - 09 . 1 3 . 25 
. 06 - .14 . 08 . 21 
. 60** .63** . 67** 







- - 1 :3 




. 26 . 19** . 42 . 29* 
.. 7a** • 40** 
. 75** . 74** 
- - 15 ... . o; 
- . 18 - - 17 
. 01 -.04 
. 08 . 06 
• .51 *
* . 17 
.43** 
� 
Table 7.  Simple correlation ooefficients for moisture and temperature factors 
of 52 small grain trials .  
Independent 
variable, X Description 5 6 
Independent variable X 
7 8 9 10 1 1  23 
4 Available soil water . 07 -. 05 . 19 . 20 - . 17 . 02 . 08 . 32* 
. 34* - . Jo* 5 Rainfall 1-9 weeks 
Rainfall 5-61 days 
before harvest 
7 · Planting date 
8 Degree-days 1-9 weeks 
9 No. of days below 
mean of 4.4C 
10 Degree-days 5-61 days 
before harvest 
11 No . of days above 29. 4C  
23 Soil water used 
24 Total ra.infall 
25 Total water used 
* Significant at . 05 level. ** Significant at . 01 level. 
. 05 . 21 - . 26 
-. 24 - . 12 . OJ - . 18 
. 58** - . 46** -. 24 . ** -. 84 -.OJ 
. 28* 
_ _  34* - - 17 
- . 20 * - . J4 
_ _  37** . 16 
-. 02 - . 10 
. 1.5 . 05 
. 69** . 10 
. 05 
24 25 
. OJ . 22 
. 69** . 50**  
. ,58 ** . 20 
- - 25 - - 01 
. 10 - - 05 
- - 1 1  - - 09 
- . 09 - - 1'7 
- . 04 . 02 




respectively) • . Degree-days for the first nine weeks after planting 
(Xa ) were signifioa.ntly related to planting date (X7
) (r = • .58** ) . 
The number of days over 29 a 4c (x11 ) was significantly correlated 
with degree-days for 5-61 days before harvest (x10 ) (r = .69*
* ) .  
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The number of days below a mean temperature of 4. 4C (x9) was inversely 
correlated with degree-days the first nine weeks after planting 
(r = - . 84** ) . 
The dependent variables used in the regression analysis are 
shown in Table 8 .  The dependent variables for 30  locations will be 
explained later. The largest yield responses were obtained with an 
application of 67 kg N /ha. The range of values for each rate of N 
$hows N did not depres s  yields under the conditions of these trials. 
Maximum yield increase was twice as high at the 67 kg N /ha rate as at 
the 34 kg N/ha rate . This indicates that, under some conditions, 
small grains need large amounts of N to eliminate it as a limiting 
factor. 
Table 8 .  
Rate of · 
applied N 




Average yield increase from an application of N for 
looa.tions used in the multiple regres.sion analysis. 
Average yield inorea.se, quintal/ha 
52 locations 30 locations 
Mean Range Mean Range 
2 . 1  -1 .3 +8 . 6 . 
-1 . 3  +10. 7 
-0 . 9  - +2J. 4  
4. 6  
7 . 6  
- . 1 +10. ? 
- - 9  - +23. 4 
Multiple Regression - 52 Locations 
and 23 Independent Variables 
All of the independent variables shown in Table 4 were related 
to N yield response by a step wise multiple regression analysis pro­
gram. The step wise multiple regression program selected the most 
significant independent variable first. The next step selected the 
next most significant variable , etc. until all 23 variables were 
entered into the regression equation. At each step the program printed 
out the sum of squares reduced for that step, the cumulative proportion 
of sum of  squares reduced (R2 ) ,  the re gression coefficients for the 
variables entered, and the intercept. The equation developed was 
tested for significance by the F-test technique at the . 05 level. The 
F-ratio was calculated by dividing the sum of squares reduced for that 
step by the error mean square of the equation. The F- ratio was compared 
to the F-value obtained from the statistical table at the . 05 level for 
the error mean square degrees of freedom and one degree of freedom for 
the step. To find the sig�.ificant multiple regression equation the F­
r�tio of the last step or step 23 was checked first for significance . 
If it was not significant step 22 was checked , and so on until an F­
ratio was larger than the F-value at the . 05 level. Then the equation 
was determined to be significant which meant that the sum of squares 
attributable to regression was significantly reduced by that number of 
steps. The equation with this step arxl all earlier entries was the 
significant equation. This equation can be used to estimate the 
dependent variable D,.Y (N yield response ). 
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Re sponse from 17 � N/ha The e quat ion deve lope d for the depe n­
de nt v ariable , � Y17 ( 1 7  kg N/ha) , was not significantly related  to any 
of the indepe nde nt variables shown in Table 4. This sugge ste d  tha t the 
1 ?  kg N/ha rate of N was not large e nough to e limi nate N as a limi ting 
factor for small grain yie ld produc t ion. Table 8 showe d that the 1 7  kg 
N/ ha yie ld re spo nse s we re small compare d to the highe r rate s of N. 
Re sponse from 24 � N/ha The step wi se multiple regre ssion 
equatio n  for D. Y34 was significant. The sig nificant re duc tion of sum 
of square s attributed to regre ssion occurre d  whe n 16 of 23 variable s 
we re inc lude d in t he equation. The signi ficant b. Y34 equation is shown 
in Table 9 .  The c oe fficie nt of dete rmination (R2 ) was .473 which me ans 
that the 16 variables explaine d  47 . 3% of the variation of the yie ld re s­
ponse s f rom 3� kg N/ha. A lthough R2 indicate d this equat ion was capable 
of pre dicting N yie ld re sponse s it is impractic al to use because of the 
large numbe r  of variable s that must be conside re d to e stimate the yie ld 
re sponse . If climatic conditions are he ld constant, se ve n soil N te sts 
are still neede d  to e stimate the yie ld incre ase that could be expe cte d 
from an application of 34 kg N/ha. The only organic N te st not shown 
in the _equat ion was the hot wate r soluble N te st. The N03 -N conte nt of 
the 0-61 cm profile was not se le cte d by the program although N03 -N 
conte nts of the ot he r soil profile de pths . we re se le cte d. 
Re sponse from 67  � N /ha A much lower coe fficie nt of 
de termi nation (R2 = . 241 )  was found for the e stimati on of 6.Y6 7• 
Table 9 .  Step wise multiple regression equation for estimating 
b.Y�h • the yield increase from the addition of 34 kg N/ha. Equa�ion was developed from data of 52 small grain trials. 
Independent . 



















Rainfall 5-61 days before harvest 
Planting date 
Degree-days 1.-9 wks . after planting 
No . o! days mean temp. below 4. 4C  
De gree-days .5-61 days before harve·st 
N03-N 0-15 cm N03-N 0-30 cm 




. NO,-N 1 5-30 cm Soil water used during season 
Total rainfall 
Total water used 
Intercept = 10. 08 








- . 012 
-2 . 90 
2 . 99 
- - 039 
-2 . 62 
- - 094 
37. 7 
-3 . 09 
1 . 28 




In this equation only two i ndepende nt variables we re found that 
significant ly reduce d  sum of  sq uare s attributable to regre ssion. The 
eq uation for e stimat ion of  Di.Y67 was: 
6.Y6? = 35 . 69 - . 0312X10  - . 224X21 (1] 
whe re x10 = de gree -days for 5-61 days before harve st; x21 = N03-N 
in the 30 -61 cm depth of soil, kg N/ ha; and 6.Y67 = estimated ·yi eld 
increase from an applic atio n of 6? kg N / ha.  quintal/ ha. The followi ng 
example s show how t his equation can be 1·nte rpreted . If de gree -days 
for 5-61 days  before harvest were assumed to be 90 0 degree-days ( see 
Table 5 ) then equation [1] becomes: 
.This equat io n can be used to show the influe nce of N03-N on N yield 
response. If N03-N in the 30-61 cm laye r was 1 0  k g  N/ha , then 
� Y6? = 5. 37 quintal/ha. 
If NOJ-N in the same layer was 30 kg N/ha, the e sti mated yield 
re sponse i s :  
6.Y67 = . 89 quintal/ha. 
Thus , a relatively small fluc tuation of N03-N in the 30- 6 1  cm laye r 
can change the expec te d yie ld re sponse substantially. 
The influe nce of tempe rature on the e xpe cted yield incre ase can 
be illust rate d. I f  N0:3-N conten� of t he 30-61 cm soil profile was 
assume d to be 30 kg N/ha tne n equation [ 1] become s: 
[3] 
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If  degree - days for 5-61 days before harve st (x10 ) were 800 degree-days 
instead o f  900 degree- days then 
6Y6? = 4. 01 quint al/ha. 
On the other hand an increase of 1 00 degre e-days over 900 degree-days 
estimates that 
� Y67 
= - 2. 2 3  quintal/ha. 
The importanc e of cooler temperatures after boot stage are quite 
obvious b y  these c alculations. 
Interpretation of the � Y67 equation illustrated some interesting 
relationships between N yi eld response and soil N03-N c ontent and 
tempe rature. However, the low c oeffic ient of determin ation ( . 241 ) 
make s  t he reliability of the equation questionable . 
Multiple Regression Analysis - JO Locations 
and 23 Independent Variables 
After interpretation of the above equations , it was decided that 
equat ion s  we re needed whic h explained more of the variance and were 
more easily interpreted. There we re two possible factors on the part 
of the field trials that c ould have caused the low c oefficient s of 
determination . One factor was the winter wheat loc ations. S oil 
, ·N0:3-N and moisture sample s from these locations were taken in mi d­
April aft er the wheat had start ed to grow. Degree-day calcul ations 
and rainfall records were based on the assumption that winter wheat 
started growt h  on April 1 .  Also winter wheat was grown on fallowed 
l and. T hus, conditions for winter wheat were diffe rent than for the 
spring grains. The other fac tor likely to have c aused variation was 
seeding equipment. In 1963 and 1964 the spring grain trials were 
seeded with a seeder adapted to an AlJ.is Chalmers m odel 11G" tractor. 
The rest of the trials were seeded with a John Deere press drill. 
The trials were more uniform in germination and stand when the press 
drill was used . Since a poor stand could have reduced the potential 
yield increase from applied N, it was decided that these locations 
should be deleted. These two factors eliminated 22 locations , so 30 
locations remained for development of the multiple regression 
equations. 
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Step wise multiple regression analysis of the 30 locations were 
determined for the N yield responses from 34 and 67 kg N/ha. Since 
the equation for the 17 kg N/ha rate was not significant for 52 
locations it was not determined for 30 locations. 
Response from 34 � N/ha The significant ( . 05 level) multiple 
regression equation that was developed to estimate 6Y34 included 22 
of the 23 variables. The 22 variables that significantly reduced the 
sum of squares attributable to regression are listed in Table 10 . 
The coefficient of determination was very high (R2 = . 909)  which means 
that .90 . 9% of the variation in yield responses was explained by this 
equation. However, this 6.Y34 equation , like the previous one (AY34) 
is very cumbersome to use and virtually impossible to interpret in a 
practical manner. For example it is impractical to determine 10 of the 
1 1  N soil tests which occurred in the equation. 
Table 10. Step wise multiple regression for estimating AY' 4 , the yield increase from an application of 34 kg 3 
N/ha . The equation was developed from data of 30 
sma.11 grain trials. 
Independent 


























Available soil H2o 
Rainfall 1-9 wks. after planting 
Rainfall 5-61 days before. harvest 
Planting date 
Degree-days 1-9 wks . after planting 
No . of days below mean of 4. 4C 
Degree-days 5-61 days before harvest 
No. of days above maximum of 29.4C 
N03-N 0-15 cm N03-N 0-61 cm 
N03-N 0-91 om 
Organic matter 
Hot water soluble N 
Na4P207 N 
Total N 
. N03-N 15-30 cm 
N03-N 30-61 cm 
N03-N 61-91 cm 
Soil H20 used 
Total rainfall 
Total water used 
Intercept = 165.44 
Correlation coefficient, R = . 953 
- - 779 
- - 136 
- - 090 
- - 472 
- . 404 
- . 012 





1 . 89 
-2.58 





-1 . 81 
.250 
.527 
- - 171 
Response from 67 J$ N/ha The multiple �gression equation 
developed to estimate yield response from an application of 67 kg 
N/ha was 
' 
b.Y6? = 7.6 + . 355X4 + .448x5 + . 405X6 - . 305x20 
where 6. Y67 = estimated yield increase from an application of 67 
kg N/ha , quintal/ha ; x4 = available soil moisture at planting, cm ; 
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[4] 
x5 = rainfall from 1-9 weeks a:f'ter planting, cm; X6 = rainfall for 
5-61 days before harvest, cm; and ¼o = ·No3-N in 1 5-30 cm soil depth , 
kg N /ha. 
The coefficient of determination (R2 ) was . 651 for equation [4] 
which was a great improvement over the .241 coefficient of deter­
.mination for �y6? (equation [1] ) • The �Y34 and �y6? equations 
show that more variation was removed by deleting the 22 locations. 
Interpretation of the above equation [ 4] is less difficult 
than the .6..Y34 equation shown in Table 10. The problem with 
equation [ 4] �s the interpretation of the N03-N in the 15-30 cm 
soil layer. Several investigators have found that the highest cor­
relation coefficients bet�en yield parameters and profile N03-N 
content were obtained for the N03-N content of the 0-61 cm profile 
(31, 35, 76, 103 ). The 0-61 cm profile is more representative of the 
root zone than the 15-30 cm layer. Therefore, it seems logical to 
measure the N03-N content Qf a greater soil profile depth than the 
15-JO cm layer. 
The correlation coeffic :i.ents of Ta.ble 6 showed that the N03-N 
content of the 15-30 cm depth was correlated with the N03-N content 
of the 0-30 cm, (r  = c 64** ) ; 0-61 cm (r = . 69** ) ;  and 0-91 cm  depths 
(r = . 59**) . The r values of Table 6 represent 52 locations, but 
similar r values were obtained from the 30 locations ( r  = . 56** , 
** ** . 60 , and . 48  , respectively) .  These high correlations indicate 
that N03-N content of any selected profile should predict yield 
increases from applied N almost as well as the 15-30 om layer when 
used in the multiple regression equation. 
Multiple Regression Analysis - 30 Locations 
and 9 Variables 
The step wise multiple regression equations that were developed 
after deletion of 22 locations were still difficult to interpret. 
However , deletion of the 22 locations definitely increased the coef­
ficients of determination. Since the equations obtained in the pre­
ceding section were difficult to use in a practical manner , it was 
decided to develop the multiple regression equations with only the 
most easily obtained and interpreted independent variables. 
Selection of Independent Variables Selection of the independent 
variables was based on their c orrelation to the dependent variables and 
on other practical factors. The correlation c oefficients reported in 
Table 11 show the relationships between the independent variables and 
the N yield responses (dependent variables ) .  
Only one variable, N03-N content of  the 0-91 cm  profile (x15) was 
significantly correlated with all four dependent variables . The cor­
relation coefficients were similar to those reported by Young et al. 
( 103) in North Dakota.  Correlation coefficients for N03-N content of 
Table 1 1 .  C orrelation coefficient s bet ween independent variables 
and t he dependent variables. I ndependent variables not 
shown were not significantly correlat ed t o  any of t he 
dependent variables. 
Independent 
variable. X Descript ion 
4 A vai lable soil H2o at plant ing 5 Rai nfall 1 -9 wks. aft er 
planting 
6 Rainfall 5-61 days before 
harvest 
10  Degree-days 5-61 days 
before harvest 
1 1  N o. of days above max. of 
29 . 4C 
1 3  N 03-N 0 - 30 cm 
Dependent variablesf 
6 Y34 � Y34 6. Y67 6,
Y67 
. 02 . 19 
. 12 . 25 




* * - . 16 - . 07  - . 34 - . 37 
-. 2 3  - . 40* - . 16 - .20 * * 66 . 
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14 N0 3-N 0 -61 cm 
15 N0 3-N 0 -91 cm 
- • 33 - . 43 - . 2  - - 359 
4* 40* * 6 * - . 3 - ·  - - 273  - • 3 1 
19  T otal so1. l N 
21  N0 3-N 30-61 cm 
24  Tot al rai nfall received 
. 1 4 - - 1 5  .30* . 1 1  
- . 28 - - 27 _ _  32* - . J8* 
. 0 3  . 1 1 . 19 . 361 * 
* S ignificant at . 05 level. ** S ignificant at . 0 1  level .  
1 f::,,,y is yie ld respo nse from added N for 52  locat ions and 6 Y' 
i s  for JO locat ions. 
0 -61 cm profile (x 14) we re very similar to those obtained for x15, 
although the coefficients  were just und er significance at the . 05 
level. It was deci ded th at the NOJ-N content of the 0-
6 1 cm profile 
should be selected as an independent variable because it was easier 
to obtain than a 0-91 cm sample. T he variable x1 2 was selected on 
the basis that the 0- 15  cm soil sample is analyz ed separately for 
other pl ant nutrients and should be analyz ed in the same manner for 
The importance of moisture for obtaining yield increases from 
higher rates of N was demonstrated by the significant r values ob-
tained between N yield response from 67 kg N/ha and avai lable soil 
moisture at plant ing (X4) ,  rainfall  aft er planting (x5) ,  or rainfall 
before harvest ( X6 ) (Tabl e 11 ) . T he 34 kg N/ha rate was apparently 
not suffic ient to completely elimi nate N as a limiting factor since 
X4, x5 , and x6 were not correlated with yi eld increases at this rate 
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of N. T he 67 kg N/ha rate of N was no longer a limiting fact or, thus, 
moi sture became the limi ting factor. These independent vari ables, 
(X4 ; x5, and x6) were selected on the bas is of the significant cor­
relation coeffic ients and the relative ease of obtaining these parameters. 
T hese vari ables we re also important in the 6Y67 multiple regression 
equation. 
Another indepe ndent variable selected for inclusion in the 
multiple regression an alys is was x1 0 , degree-days for 5-61 days 
before harvest. It was shown to be a significant vari able for the 
6Y67_ equation ( equation [ 1 ] ) .  Th is variable (x10 ) was significantly 
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co rrelate d to the yie ld re spo nse o btained from . 67 kg N/ha (Table 1 1 ) .  
The negative cor re lation coefficient signifie s that a highe r than 
ave rage degre e -day value for the pe riod 5-61 days before harve st 
depre sse s yie ld re sponse fro m  N·. Yo ung e t  al. ( 103) fo und a similar 
co rrelation be twee n  maximum yie ld increase and deg re e -days 5 -60 days 
befo re harve st. 
O the r independent variable s se le cte d were Xi• x16• and x18 
although the y were not significantly corre late d with N yi e ld 
re spo nse s. The variable , x2 (years) , was se lecte d be cause the magni­
tude of N yi e ld re sponse varie s from year  to yea r. O rganic matte r 
(x16) was include d be cause the o rganic matte r te st is used in the 
pre sent soil te st ing p rog ram at So uth Dakota S tate Unive rsity ( 19) .  
A lthough no signific ant co rre lations were obtaine d between the o rganic 
N soil te sts and yie ld re sponse s, it was decided to include hot 
Na4P2o7 d ist illable N ,  x 18, on  the basis of its e a se of analysis. 
Regre ssio n  Eq uation  fo r 34 � N/ha The coefficient of dete r­
minatio n o f  the regre ssion  e quation with the indepe ndent variable s, 
X2, X4 , i5 , X6 , x 1 0 , x12 , x1 4, Xi6 ' and x18 , was conside rably dif­
fe re nt than the p revious equations deve loped  fo r the yie ld re sponse 
fro m  the 34 kg N/ha rate of N application. In the two previous 
e quations 16 and 22 variable s were found to significantly reduce sum 
of square s  attributable to regre ssion. Fo r this regre ssio n  equation 
only the first variable se lec te d by the program significantly re duced 
sum of squares attributable to regre ssio n. The e quat io n  was: 
�y;� = 8. 31 - . 1 0 1  X1 4  [5] 
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where �Y34 = e stimated yield re spo nse from 34 kg N/ha, qui ntal/ha ; 
and X14 = N03-N conte nt of the 0 - 61 cm soi l profile, kg N/ ha. T he 
correlati on coe ffi cie nt (r) was . 430* and the coe ffi cie nt of deter­
minati on ( r2) was . 185 whi ch means tha t 1 8 . 5% of the yie ld re sponse 
variati on was attributable to the No3-N content of the 0-61 cm de pth. 
The s catte r  diagram of the relationship is  shown i n  Figure 2 .  The 
re gre s si on equation  shows that the e stimate d yie ld re sponse is zero 
whe n N03-N conte nt of the 0 -61 cm profile is  8 2  kg N/ha. When the 
s oi l  profile N03-N conte nt is 40 kg N /ha equation [5] e s timate s the 
yie ld re sponse from an appli cati on of 34 kg N/ha to be 4. 2 7 
quintal/ ha. 
The other eight variable s sele cte d  for thi s re gre ssi on analysis  
we re not signi fi cant. T here i s  no c lear rea son why a large number of 
the i ndepende nt variables were nee de d  t o  de velop the .6.Y34 and A Y34 
e quati ons . 
Regressi on Equati on � 67 � N/ha The multiple regre ssi on 
equatio n  that was develope d to e stimate the yie ld res ponse from 67 
kg N/ha contai ne d the same three moisture variable s de ve loped for the 
pre vious e quati on ( ll.Y67) .  The e quati on was:  
AY67 = . J95X4 + .379x5 + . 399x6 - . 128X14 - 5 . 17 
'Where 6Yg7 = yie ld re sponse from an appli cati on of 67 kg N/ha, 
quintal/ ha ;  X4 = available soi l mois ture at planting, cm; x5 
= rainfall for 1 -9 weeks afte r planti ng, cm; X6 = rai nfall for 
. [6] 
5-61 days be fore harve st, cm; and X14 = N03-N content of the 0-61 
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which means that 62 . 91, of the yield response v�riation was accounted 
for by the se independent variables .  The relationship in Figure 3 
between the e stimated and actual yield response from 67 kg N/ha 
illustrates the closene ss of prediction, which is comparable to or 
better than most response data that has been reported for small grain 
field trials (1 , 30 , 103 ) . 
Equation [4] contained the same moisture variables ,  x4 , x5 , 
and X6 , as equation [6] .  Since the N0.3:..N in the 1 5�30 cm. layer _  
was deleted from this regre ssion analysis another· variable had to 
be selected by the computer .  The variable selected was x14 , N03-N 
content of the 0-61 cm profile. The F-test was significant. The 
coefficient of determination decreased from . 651 to .629. Thi s is 
a difference of . 022 which means that 2. 2% les s  of the yield response 
variation was explained. Equation [6] showed that the N03-N content 
of the 0-61 cm profile can be used for interpretation of N fertilizer 
response. 
Table 11 showed that A Y67 or D.Y6? was not significantly . 
correlated with x14 , N0.3-N content of 0-61 cm soil profile. However, 
a significant correlation was found when the e stimated yield response 
from .67 . kg N/ha was calculated from equation [6] and then correlated 
with N03-N content of the 0-61 c� profile ( Figure 4) .  The scatter 
diagram was very similar to Figure 2 .  The regre s sion equation showed 
that a yield response could be expected when the N03-N content of the 
0-61 cm profile was iess than 87 kg N/ha. This is very similar to the 
equation in Figure 2 where no yield response was expected when the 
20 
Figure :; .  Ccmpari son of  c.�a L�u..l ?.t f>d yieJ d fr.cre � s1:;1 from a?i n.7)pli�a�.1on 
c,f 67 k s;  N /r.a by u.st! ,,f n.uJ.t i pJ e r �p;r� s £:io11 eq•.1P-t:.on l::, y�!




































}; rats - 67 kg N/ha. 
JO locations 
r � .. 453 
* 




o_ ; O 0� 






0 e,') C . 
JO 40 50 60 70 
Nitrate-N in 0-61 c� profile , kg N/ha 
Rel.a.ti on�hip b�·�w-een calculat�d y:teld focrea.se ( b.Y�>'T) i'rom an application of 6? 




0-61 cm profile N03-N content was greater than . 82 kg N /ha. Th
e 
greater slope of the equation in Figure 4 than in Figure 2 means 
that a greater yield response can be expected with an application of 
67 kg N/ha than with 34 kg N/ha when the 0-61 cm NOJ-N c ontent is 
less than approximately 80 kg N/ha. 
Agronomically, these equations show that smnll grain yield 
responses from added N were related to the NOJ-N content of the soil 
profile and that a yield response should . not be expected when s011 
N03-N is greater than 80 kg N/ha. The rate of N application can be 
determined by the N requirements of the potential crop yield , and by 
the economics of N application. 
Evaluation of the Multiple Regression Analyses 
The correlation coefficients of Table 1 1  showed that yield 
response from an application of N was related to NOJ-N c ontent of 
6J 
the 0-61 and 0-91 cm soil profiles. However, this relationship was 
only fair as shown in Figures 2 and 4. Multiple regression equations 
improved the predictability of the yield responses. However, 
equations developed for predicting N yield response from 34 kg N/ha 
were very difficult to interpret although the coefficient of deter­
mination for the equation 6. Yj4 was very high ( R
2 = • 909) . It was 
concluded that the J4 kg N/ha rate of N was not large enough to com­
pletely eliminate N as a limiting factor. The refore, many independent 
factors infiuenced the N yield response . The 67 kg/ha rate of N 
appeared to give more interpretive equations because this rate of N 
was adequate for small grain produc tion where a� th e 34 kg/ ha r ate 
of N was not adequ ate i n  many case s ( 19) . 
The multiple regre ssio n e quatio ns developed for e stimati ng 
yi e ld re sponse from 67 kg N/ha was e asily i nterpre te d and explai ne d 
o ve r  60% of  the yi eld re spo nse vari atio n. T he N soi l  te st repre­
se nte d i n  equation [6] was the N03-N conte nt of  the 0-61 cm profile . 
Thi s te st c an be adapt e d  to routi ne soi l te sti ng very e asily. How-
e ver, an i nte nsive e duc ational program is  ne e de d  to te ach farmers and 
fe rtiliz er de ale rs the ne c e ssary steps to o btain proper soi l  sample s. 
T he co nside ratio n o f  sampling de eper than 6 1  cm may_ ne e d  to be e xplore d  
whe n sampli ng other c rops, suc h as corn { 40 ) . 
T he simple c orre latio n c o e ffi ci e nts of  T able 1 1  showe d  that th e  
o nly organic N te st that wa s  correlate d to yi e ld r e sponse was the 
total N te st (r  = . 30* for 6. Y67) .  Pe rhaps the tot al N te st should 
be c onsi der e d  nonsigni ficant si nc e the correlatio n co e ffi ci e nt was 
po si tive .  The po si tive r value me ans that a large r  yi e ld r e spo nse 
was o btai ne d  wh e n  the total N le vel i n  the soi l was higher. T he 
purpo se of a soi l  te st i s  to pre di c t  the fe rti liz e r  ne e ds ac cordi ng 
to the soil te st level. It i s  not logic al to use a soi l  test that 
pre dic ts the highe st r ate of  fertiliz atio n whe n i t  i s  also at i ts 
highe st le ve l. A po ssi ble e xpl�ation of the po si ti ve r value i s  that 
larger  yi e ld r e spo nse s were obtaine d i n  e aste rn So uth Dako ta where 
ave rage annual r ainfaJ.l  i s  gre ate r. Highe r total soi l  N i s  also 
asso ciate d wi th the highe r average annual rai n£all ( 10 1 ) .  Thus, the 
relationship indicates that greater yield response is obtained where 
average rainfall is greater. 
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The nonsignificant correlation between organic matter and N 
yield response c ontradicted earlier work by Ward and Carson ( 99 ) .  
Increased use of N fertilizer in the past few years was probably one 
reason for the insignificant correlation in the present study. Most 
locations that were involved in this study had been fertilized 
previously whereas in the previous study· the field locations had not 
received fertilizer applications prior to the experiments. Since  
organic N tests showed nonsignificant correlations with N yield 
re sponse , it appears that the N03-N te st is the only N soil test that 
i s  needed for predicting N fertilizer use. The multiple regression 
analyses also showed moisture to be important. 
Figure 5 illustrates the interpretation of the multiple 
regression equation (6] . The average moisture line of Figure 5 
re-presents the . N yield response that is expected at different soil 
NO
)
-N levels when x4 , x5 , and x6 are repre sented by the average 
values found in Table 5 for 30 locations. The other lines are 
examples of the expected yield response when moisture deviates from 
the average. The regression coefficients for the moisture variables, 
x4 • x5 , and x6 , of equation [6] were . 395 , _.379 , and .399 , respec­
tively. This means that moisture differences  for x4 , x5 , or x6 had 
the same magnitude of change on the small grain yield response to N. 
For example , the curve for 5.08 cm below average moisture is the 
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Since the regression coefficients are similar the yield response is 
the same no matter if the 5. 08 cm deficit occurred for X4, X5 , X6, or 
for X4 + x5 + x6 • This shows that the total moisture above or below 
average moisture for the three variables is the real moisture factor 
influencing N yield responses .  
Practical significance of Fi gure  5 lies  in the ability to 
predict the magnitude of the N yield response at any N03-N level 
and for any area in South Dakota. Average rainfall conditions for 
any area of South Dakota can be used with equation [6] to estimate 
N yield response . The regression equations of Figure 2 and 4 showed 
that under average moisture conditions used with this equation 
(Table 5 )  no N should be applied to small grains when the N03-N 
content of the 0-61 cm profile exceeds 80 kg N/ha. The above average 
moisture line in Figure 5 indicate s that a N yield response is  expected 
when the N03-N level i s  greater than 80 kg N /ha t and likewise, when 
moisture value s are below average the N03-N level must be less  than 
80 kg N/ha to expect a N yield response. Therefore; N fertilizer 
recommendations based on a 0-61 cm N03-N test must be adjusted according 
to the moisture level. 
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Water Soluble NOJ-N 
The use o f  the lW1mN' soil te st as a r�utine '.mf.1thod of evaluating •' 
soil N availability crea.te two p�oblom� f©r s�:;il te sting laboratories 
that do not exi st f�or other rout·h10 ta st s .  1{ht:) pi�oblem o f  deep sam­
pling has been disc ussed elsewhsria { 1 9 �  9S) o  '1),.(-1 problem of date of 
sampling has not been studied ox"ttmsi vely ( 98 ) .  Usually II soil samples 
for re search triaJ.s are tak n at �:r befo�l s�edlng of the test c rop , 
whic h was the case with the smarL gr-aJ.n t1°ials discus sed in the pre­
ceding section . The suggested dates far taking soil samples for 
N03-N are based on daily a.ir temperatures ,  slrme the rate of N 
mineralization decreases a.s te:m.peratura decrease s ( 98 ) . 
During the 1 971 gieo�dng seas 11 ,  c orn trials at the Southeast 
Experiment Farm (SE) i West Pra.i..ria Coteau Farm (WPC ) , and Whet stone 
Valley Farm (WV) were selected £or studyir1g change s in N03-N level 
of soil profiles at the begimrl.ng 11 middle , and end of the growing 
season .  The se loc ations were ideal for studying date of sampling 
bec ause of N treatment s  and pa.st mar1agement .  In addition to N03-N , 
exchangeable Nli4-N , hot water soluble N ,  hot Na4P207 soluble 
distillable N ,  and organic matter were determine d .  
Analysis of variance (Table 12 ) shows that N03-N at the SE 
location was significantly different between treatment s  ( 0 and 1 79 
kg N /ha ) and among depths (0-1 5 ,  1 .5-;0 , 30-61 , 61 -91 , and 91 -122 cm) . 
Nitrate -N was not si gnificantly different for date o f  sampling at the 
SE location . Nitrate-N was significantly different for the date x 
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Table 1 2. Analysis  of variance  me an square s for the time of 
sampling study conduc te d during 197 1 . 
Me an squares 
Sourc e of S oluble N03-N Exc hangeable NH4-N 
variation df SE WPC WV SE WPC WV 
Date (D )  2 176. 1 39 .6* 1 1 8 . 1 * 1 2. s**  4. 2* 3. 9* 
Tre atment (T) 1 6 . 1* 191.. 6** 209. 1 19. 1 16. 2 3. 1 
De pth (H )  4 106 .. 4**  406. 2** 91 . 7 1 3. 1  **  . 5* *  4. 8**  
D x T 2 1.14. 0 142. 1 * 1 20 . 2 9.6* 3. 0 5 . '9 
D x H 8 152 . a * 196. 2 32. 8 1 0 . 5**  1 . 5  3. 3 
T X  H 4 196 .. 2* 406. o* 80 . 9 1 0 . 7* 2. ·o 1 . 9  
. D x T x H  8 175 .. 1 136 . 2 42.6  9. 0 ** 1 . 7 1 .6 
* F-te st signific ant at . 05 level of probability. **  F-test signific ant at . 01 le vel of probability. 
depth and treatment x depth interactions . Fi�e 6 s hows the No3-N 
concentration differences betwe en date and depth of sampling for the 
two N tre atme nts.  At the be gin ning of the growing  season the re was 
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a large amount of N03-N in the 0- 15  cm depth fo r the 1 79 kg N/ ha 
tre atme nt. B y  the middle of the growing s eas on the N 03-N le vel was 
very s imilar for the e ntire profile de pth. T he high N 03-N le vel  of 
the 0- 15  cm laye r at the be gin nin g of the growing s e aso n was due to 
the annual April appli cation of N .  J une· rainfal l  was 18 . J cm which 
was probably the ma.in reason for the change in No3-N dis tribution in 
the profile .  The trend toward highe r N 03-N in the upper soil profile 
at the end of the growing s easo n indicates that N03-N may have move d 
. up as mo is ture move d  up during the extremely  dry mo nths of Jul y, 
Augus t, and S eptember whe n only 1 1 . J  cm of rainfall was re ce ived. 
Nitrate-N at the WP C  lo cation was s ignificantly different fo r 
date , tre atme nt, and depth. Profile  dis tribution of the N 03-N is 
illust rate d in Figure 7 .  Nitrate-N concentration was s ignificantly 
higher for the s ampling at the beginning of the growing s eason.  The 
distribution of profile N03-N in Fi gure 7 s hows that the co nce ntration 
was the iowest in the middle of the growing  s e aso n. This was 
especially true for the 360 kg N /ha treatme nt in the 6 1 -91 cm de pth. 
Plant utiliz at ion of N03-N co uld _ have ac counted for s ome of the N 03-N 
de cre ase . O ther  pos s ible reasons for the low N 03-N co ncentration at 
this date are sampling e rrors and/or la boratory e rrors . Leaching of 
the N 03-N is not s uspe cte d be caus e the pe ak N 03-N conc entration 
re maine d at the 61-91 cm laye r. 
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Figure ?.  Nit rate-N c oncent rat i on �f \soil profiles srunpled three 
timss durin� the gro�ing so�!on for two rates of N at 
the WPC location . 
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Peak N03-N concentration in the N fertil�zed profile shows how 
far NO:rN leaching can occur in one or two years {Figure 7). There 
appeared to  be some leaching of N03-N in the profile during the growing 
season , although the D x H interaction was not significant. There is 
a definite trend for less N03-N in the 0-30 cm depth at the middle and 
end of the growing season , which indicates plant utilization and 
possible leaching of the N03-N out of the upper layers of soil. 
The only significant source of No3�N concentration variation: 
at the WV location was date of sampling (Table 12 ) . Figure 8 shows 
the No3-N concentration of the soil profile at the vN location. The 
lowest N03-N concentrations were found for soil samples taken during 
the middle of the growing season. 
Exchangeable NH4-N 
Exchangeable NH4-N values in Table 13 show that NH4-N 
concentration decreased significantly with depth at all locations . 
Analysis of variance for exchangeable NH4-N_ at each location is 
shown in Table 12. 
The.re were small significant differences  in NH4-N concentration 
for dat�s of sampling for the three locations as shown in Table 13  
except for the SE location at the first date of  sampling. The NH4-N 
concentration of the SE location ·soil profiles was significant for the 
D x H and T x H interactions. This was probably due to the high 
NH4-N concentration of the 0-15 cm depth at the beginning of the 






.c: .. , 
P. 
(, •�1 





" .... ppm ?lu1-�� 10 � 2(1 JO 
.M�..,____•�-,;. ..... -� -� 
fA 8 
I � f 
(.) 
'{ 































J60 kg l{ /ha . 
Fi gure 8 .  r:i tr.?t e-.:N c oncentration o f  soi l rrof:i lc s sn�1pled 
thr.r,,o ti1T'•1 :::. during tho gr-o,-d.ng season for t,,_.o 
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Table 1 3. Exchangeable NH4-N levels during the growing s eason 




0- 1 5  
1 5- 30 
61 -91 
91 -1 2 2  
Growing season sampli ng date 
Beginning Mi ddle End 
ppm NH4-N* 
Southeast Farm (SE) 
16. 3 4 . 4 5 . 8 
8 . 4  J . 4  3 . 9 
2 . 8  1 . 2  Z. 5  
J . 6 1 . 6 2 . 3 
A verage ? . 0  2 . 4  3. 6 
Average 
8 . 8 
5. 2 
2 . 2  
2 . 5  
HSD. 05 for dates = 2 . 4 ; for depths = J. J ;  for D x H = 
6. 1 
West Prairi e C oteau Farm (WPC ) 
0-15 J . O 6 . 9 5 . 0 5 . 7 
15-30 3 . 5  4. 8 2 . 9 3. 7  
30-6 1 2 . 2 3. 1 3. 4 2 . 9 
61-91 L O  2 . 9  2 . 4 2 . 1 
91 -1 2 2 .7 2 . 2 2 . 0 1 . 6  - -
2 . 5 4. 0 3. 1 
Hsn
. 05 
for dat es = 1 . 4 ;  for dept hs = . ? ; for D x H = ns 
Whetstone Valley Fa1'm (WV) 
0 -1 5  5. 0 8 . 2 6 . 2 6.5 
15-JO 3. 9 4 . 9 4. 2 4. 3 
_ 30.-6 1  2 . 1 4. 5 3. 5 3. 4 
61 -91 1 . 7 3. 9  2 . 3 2 . 6 
91 -1 2 2  1 . 6 2 . 9 2 . 2 2 .2 --
2 . 9 4. 9, 3. 7 
Hsn. 05 for dat es = 1 . 4 ; for depths = 2 . 0; for D x H = ns 




0 s · 10 1. s 2ci �s :,o 0 'i ' · •-- -•- '---•---� g-,r#---- � 'l,:f. .. .,.,_,. _...,,.. � .. , -•- � ... ,., ,.....J ,. 1> ·-•-•l<.�- �-C-
t • 
1 5 i 
. - 1  
•. ! 
(\  ,, , 61 
91 
( 68- 71 ) 
Period c.> f 
13e gi l1l !.i n g  
End 
Fi e;nro 9 .  Ar-_T.on1um-� c oncentrJtion o f  ?.. soil pro file sarnpled three 
time s duri n i:!;  the gro,i:i _ng  sea[;on at tr;c S� location . 
76 
The high value can be attributed to the NH4No3 . rertilizer that was 
applied in April. By the middle of the growing season the NH4.N 
concentration of the 1?9 kg N/ha treatment was similar to the O N  
treatment (compare Figure 9 and Table 13) . The decrease in NH4-N 
concentration from the first to the second sampling date shows that 
NH4-N was mineralized or immobilized quite rapidly in this soil. 
Hot Water Soluble N ,  Hot Na4P2o7 Distillable N ,  and Organic Matter 
The soil organic N and organic matter test levels determined 
77 
in the study are shown in Table 14. Analysis of variance showed that 
the main factors , date of sampling and depth of sampling, were signifi­
cant sources of variation for the test levels at all three locations. 
Nitrogen application significantly increased the organic N test values 
at the SE location, but not at the WPC or WV locations (data not 
shown). The significant increase in organic N test values at the SE 
location was due primarily to the increase in exchangeable NH4-N 
which was discussed in the Methods and Materials. One purpose of the 
organic N tests was to determine if any o·f the applied N that may have 
been immobilized was more easily extracted than the indigenous organic 
N. Nitrogen fertilizer treatment did not significantly increase the 
amount of N extracted from the soil by the hot water soluble N or hot 
Na4P2o7 soluble N tests except at the SE loc�tion for the sampling at 
the beginning of the growing season. 
78 
Table 14. Effect of soil sampling date and depth on three 
organic N tests at three locations. 
LSD LSD 
Location Soil . 05 • 0 .5 
of depth Growing season sampling date for for 
farm cm Beginning Middle End date depth 
Hot water soluble N ,  ppm N 
SE 0-15 54 . 9 42 . 2  46. 4 6. 5 2 . 1  
15-30 41 . 2  34 . 6 29 . 6  
WPC 0-15 41 . 8  42 . 7  54. 8  2 . 6 4. 2  
1 5-30 29 . 2  29. 9 26. 0 
WV 0-1 5 45. 0 43.7 51. 8 ns 7. 8 
15-30 33 . 2  28. 7 31 . 6  
Hot Na4P20? distillable N ,  ppm N 
SE 0-15 31 . 3  21. 0 26. 0 3. 3 5 .  8 
1.5-30 22 . 2 14 . 5  14. 6 
WPC 0-15  25. 1 18. 1 27. 9 2. 9 2. 5 
1 5-30 16 . 3 1 1 . 1  14. 2 
w . 0-15 22. 7  25 . 1 29. 6  2. 9  4. 2 
15-30 14. 7 13 . 3  16 . 3  
Organic matter , % 
SE 0-15 3. 6 3.2 3. 0 . 1  . 3  
1 5-30 3 . 2  2. 9 2. 2 
WPC 0-15  3. 6 3 . 5  2. 9 ns . 2  
1 5-30 2 . 5 2. 6  1. 9 
WV 0- 15 3. 5 3. 7 3 . 3  . 2  . 4  
15-30 2.5 2 . 7  2 .2 
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Organic .11".a.tter was significantly lower for the 15-JO cm depth 
and was significantly lower at the end of the growing season for the 
SE and WV locations (Table 14) . Differences in the organic matter 
values among dates indicate that soil samples were not taken in the 
same exact manner each time. A 10 cm bucket auger was used for 
sampling. Sampling depth error was estimated to be : 2 .5 cm which 
may have been the reason that most tests were significantly different 
for dates of sampling. 
Evaluation of Sampling Date Study 
The N03-N and NH4-N concentrations of soil profiles sampled in 
this study indicate that most of the NH4-N of the applied NH4No3 was 
nitrified to N03-N early in the growing season (Figure 9) .  A large 
quantity of applied N remained in the soil profile as N03-N even two 
or three years after application. The peak N03-N concentration curve 
for 1971 in Figure 7 shows that the N03-N was leaching downward , and 
that N03-N could eventually be lost from t�e root zone. 
The lowest No3-N levels were found during the middle of the 
growing season. Nitrate-N at end of the growing season was lower than 
at the beginning of the growing season. This means that soil sampling 
for No3-N should be restricted to either fall or spring sampling if it 
is to be a useful guide for efficient use of N fertilizer on cropland. 
More sampling research needs to be conducted to determine a more exact 
date of sampling for N03-N analysis after harvest of the various crops. 
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The organi c  N t es ts used in this study appear to be of no value 
for me asur ing the fate of appli ed fertiliz er N. This was conclud ed 
because applied fertili zer N did not increase the organic N soil tests 
above that portio n attributable to exchangeable NH4-N. The organic N 
tests did not predic t N availability for small grains in the multiple 
regression analysis discus sed earlier. The sampli ng date study 
showed that the o nly N soil test capable of measuring residual applied 
N was the N 03-N test. The multiple regression analysis study has 
shown that the N03-N le vel in the soil profile estimates N availability 
un der South Dakota conditions better than any of the other N tests 
that have been evaluated. Profile N03-N distribution shown in 
Fi gure 7 illustrates that N03-N leac hing occurs in soils. Therefore, 
if the N03-N level of the soil profile is high, no N fertilizer should 
be  added until the N03-N has dropped to an  "acceptable" level. An 
application of N fertilizer on a high N03-N soil profile will ad d  to 
the amount of N03-N available for potential moveme nt b eyond the root 
zone. 
Effects of Applied Non Soil Profile 
N 03-N Content and Distribution 
Southeast E,cperiment Farm (SE)  Profile N03-N C on tent 
Soil profile samples were taken to a depth of 1 83 om from the 
0 ,  89 , 1 79 ,  and 269 kg/ha annual rat es of Nat the SE location. The 
second and fourth planting dates were sampled in the fall of 1 969, 
1970, and 1971. Exchangeable NH4-N and N03-N were determi ned on 
the samples. 
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Analysis of variance for exchangeable NH4-N showed that soil 
depth an d  year of sampling were signifi cantly different (Appendix A ) . 
There were no signific ant differences for N treatment or corn 
planting date. Nitroge n treatment did not signifi cantly increase 
exchangeable NH4-N value s. It  was shown earli er that applied N 
increased exchangeable NH4-N values for only a short perio d of time. 
Therefore, the value of exchangeable NH4-N as a soil test i s  limited. 
Determi nati on of exchange able NH4-N may be of value on  soi l  samples 
recent ly fertilized vdt h N. 
Soil profile No3 -N concentrati ons were significantly different 
for N rates . soil depth, and years at the SE loc ation (Appendix A). 
The other main effect. planting dat e, did not significantly i nfluence 
N0 3-N concentration. Examples of N03-N distri buti on in  soil profiles 
at the SE location are shown in Figures 10 and 1 1 .  The O N  treatment 
shows a very low conc entrati on of NO� -N for the enti re profile depth. � 
An annual appli cati on of 269 kg N/ha si gnifi cantly i ncreased the No3-N 
concentration of the soil profile to a depth of 91 cm (Figure 1 1 ) .  
The N03-N distributi on curves of Figure 1 1  show defi nite pe aks 
of conc entrati on for each sampling year. This type of concentration 
pattern has been di scussed by Gardner ( 34) and C assel ( 20) . The 
NOJ -N concentration pe ak area broadens simi lar to a wave motion as 
it moves downward. Figure  1 1  shows that the 1970 peak concentrati on 
area was broader than the 1969 or 1 971 peak conce ntration areas. The 
197 1  N03-N concentration curve s hows that two peaks were pro bably 
Fi g_m·e 10 , Soil p:cof�le lW..,,-�\: c· cn�nntrrt.t1.on Fr.;J:t�H'l) S ;.1.t th:-.; SE 
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present. The upper NO:r·�N c onc entration peak ( at 1 5-30 cm) 
represented the N a.pplied in April 1 971 and the lower peak (60-91 cm) 
c ould have represented the previous applic ations of N. It is not 
known whether the 1 971 N0:3-N c onc entration peak was moved d own by 
moisture flow to the 60-91 cm depth and then a portion of it moved 
up again as wate r  evaporated or if there were two d istinc t pe aks. 
The  data in Figure 6 indicated that the 1 9?1 N03-N peak c onc entration 
moved d own after t he large a.mount of June rainfall and then moved up 
again with moist ure during the dry J uly, August, and S eptember. The 
N03 -N distribution cur ve of 1970 in Figure 11  illustrates that a large 
c onc entrati on of N03-N may be present in the 30-61 cm soil d epth while 
there is very li ttle NOJ-N in the 0 -15  c m  layer. Similar N03-N 
leachin g  was repor ted by Fox et al. (32) . This points out that N03-N 
sampling must inc lude more of the root z one  than just the 0-1 5 cm 
layer of soil. 
Figure 12 illustrates that the amount of applied N definitely 
i?'.lfluenc es the N03-N accumulati on in the soil profile. The slope of 
the regression equation indic ated that 66.4% of th e appli ed N was 
rec over� d as N03-N in the soil profile. This means that the other 
33. 6% of the applied N was used by the c rop , immobilized , or lost by 
leac hing, denitrific ation , etc . 
Many N ferti lization programs have been based on the replac ement 
of N removed by  the harves ted crop or on the amount of N requi red by 
the c rop to produc e a given yield . Figure 1 3  illustrates that N 03-N 
672 
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accumulates in soil profiles according to the amount of N used by 
the corn. Estimated N03-N in a 183 cm profile ( ordinate of Fi gure 13)  
was determined by the equation : 
Y = NA - NU , 
where Y = estimated N03-N content of the soil profile, kg N/ha ; 
NA = rate of N applied , kg N /ha; and NU = N used by the crop, kg N/ha. 
Nitrogen used by the crop was calculated on the assumption that corn 
required 2. 56 kg N to produce one quintal of corn grain. The negative 
values of the ordinate (Figure 1 3) means that this approximate amount 
of N was mineralized from organic N for the corn. The estimated N03-N 
values from equation [7] were obtained from four years of corn yield 
data at the SE location. 
The very high coefficient of determination ( r2  = .938**) 
indicated that actual soil N03-N accumulation in a soil profile can 
be predicted if the rate of N applied and the yield of the c rop are 
, known. The linear slope indicated that less organic soil N was 
mineralized for crop use as more fertilizer N was applied. Work of 
�gg and Allison ( 53)  supports this finding. 
The regression equation could be used to establish the rate of 
N application that should be adequate for a specific corn yield with­
out increasing the N03-N content above a "desirable" level. For 
example , if X of the regression equation in Fi gure 13 was assumed to 
be 100 kg N03-N/ha (the desirable level of N03-N) ,  then the rate of 
fertili zer N c ould be determined for any given corn yield. The rate 
of N fertilizer can be calculated by use of the regression equation 
in Figure 13 ; 
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Yse = 1. 29X - 22L [8] 
For X = 100, the esti�.ated soil profile N03-N is 
Yse = -92 . [9] 
Assum.a Y (Y is from equation [7] ) = Yse. Then the rate of N to 
apply (NA ) can be calculated for any corn yield . For example • if 
the corn yield is 62 qu:i.ntal/ha then NU • =  159 kg N/ha and NA of 
equation [7] equals 67 kg N/ha. This means that -the N03-N level of 
the profile should remain below 100 kg N /ha if the rate of N 
application is 67 kg N/ha or less when the yield of corn averages 
62 quintal/ha. The above equations illustrate that they can be used 
to determine the rate of N application that will keep N03-N accumu­
lation levels from becoming excessive for crop production. 
The influence of applied N on corn yields at the SE location 
is shown in Table 15. Economically, the 89 kg/ha rate of N appeared 
to be the most profitable rate . The expected N03-N accumulation in 
the soil profile can be calculated for this rate of N and yield 
potential (40 quintal/ha) by use of equations (7] and [8] . For 
example · from equation [7] 
Y = -13 kg N /ha (1Q] 
If Y = Yse then X can be solved for equation [8] ; 
X = 160 kg N/ha. (t i] 
These calculations show that an annual application of 89 kg N/ha is 
expe�ted to maintain the N03-N content of the 183 cm profile at the 
160 kg N/ha level. 
Table 15. Influence of N on corn yields at the SE location. 






* Annual rate applied since 1968 . 







West Prairie Coteau Farm (WPC ) Profile N03-N Content 
89 
The N rate trial at the WPC location also provided data to study 
the relationship between actual N03-N in the soil profile and the 
amount of N03-N e stimated by equation [7] . The profile depths were 
122 cm at the 'WPC location instead of 183 cm. The relationship 
between actual NOJ-N content and estimated N03-N content in the soil 
profiles are shown in Figure 14 . The slope of the equation in 
Figure 14 was less than the slope of equation [8] (Figure 13) . The 
slope of the line (. 88 )  indicates that fertilizer N increased the 
NOJ-N content of the soil profile by a greater amount than was applied 
on the land as fertilizer N. The increased N03-N content was probably 
due to the stimulation of soil organic N mineralization by applied N 
which has been reported by Broadbent ( 12 ) and Legg and Stanford ( 54) .  
No clear-cut explanation for thi s stimulated mineralization by applied 
N has been found. 
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If the desired N03-N level (X) was assum�d to be 160 kg N/ha 
(from. equation [1� ) than the rate of N for corn at the WPC location 
should be estimated . Thus , from Figure 14 ; 
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Ywpc = . 88X - 324 , and 
Ywpc = -214 kg N/ha . 
[12] 
From equation [7] assuming Y = Ywpc, the rate of N that should be 
applied (NA)  is less than zero unless the yield of corn was greater 
than 84 quintal/ha . This means that no ·N needs to be applied which 
agrees with the yield data shown in Table 16. The above calculations 
demonstrate that the N03-N soil test should be used to estimate the 
N application rate for a given crop yield and to prevent excessive 
accumulation of N03-N in the root zone. 
Table 16 . Innuence of N on corn yields at the West Prairie 
Coteau Farm (WPC ). 







* N rate applied at initiation of experiment . 






43 . 3  
35. 1 
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One problem of the N03-N test that must 1;>e solved is the level 
of N03-N accumulation in the soil which will provide hi gh row crop 
yields without increasing the potential contamination of ground and 
surface waters. The multiple regression studie s partially supplied 
thi s information for small grains. More N rate studies  similar to 
the SE location experiment are needed to calibrate the N03-N test for 
corn and sorghum. Figure 12 illustrated the need for sampling soil 
profile s for N03-N content before plannfng the N application rate for 
the next crop. 
Relationship Between Soil NOJ-N Content 
and Total N Uptake 
Corn forage yields were harvested from the WPC and -WV locations 
in September �971 to relate N uptake with N03-N content of the soil 
profile. Correlation coefficients were determined between total N 
uptake of the corn and the N03-N content of the 0-15, 0-30, 0-61, 
0-91, and 0-122 cm profiles. Figure 15 shows the relationship between 
t�tal N uptake and N03-N content in the 0-91 cm soil profile. Nitro­
gen uptake was highly correlated (r = . 762** ) with the log of the 0-91 
cm profile N03-N content. Soper et al. ( 76 )  also found N uptake to be 
correlated to the log of the N03-N content of a soil profile. The 
regression equations and correla�ion coefficients of N uptake and 
NOJ-N content of all soil profiles are shown in Table 17. The highest 
correlation coefficients were obtained between N uptake and NOJ-N oon­
tent of a 0-61 cm or deeper profile . Thi s supports the conclusions or 
the small grain multiple regression analysis previously discussed . 
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Table 17- Regression equations for estimating total N uptake by  
corn according to amount of N03-N ( X) in the soi l  profile . 
S oi l  de pt h  Regress ion equation* 
c m  kg N/ ha 
0 - 1 5  Y = 24.6 log X + 34 
0 -JO Y = 29 . 8  log X + 25 
0-61 Y = J5.6 log X + 06 
0-91 Y = 43. 5  log X - 19 
0- 1 22 Y = 45. 0 log X - 26 
* Y = Es timated N uptake by corn forage , kg N /ha. 
X = N03-N, kg N/ha. 
r 
. 449* * 
.633** 
. 729**  
. 762* *  
. 744* *  
Figure 1 5  s howed that N 03-N in the soil profile wa s  rela ted 
to N upt ake  or corn. It appe ars that this N03-N is avai lable to c rops 
as long as it is wi thin the root zone . The de pth of the root zone of 
most crops is re gulate d by s oil properties and mois ture ( 32, 40 ,  66) . 
Highly productive s oil types in South Dak ota and in the Great Plains 
have de e p  root zones. There fore , N03-N should be evaluate d to at 
le as t  a depth of 61 c m  and under s ome condition to a de pth of 1 83 cm. 
Nit�ate-N Le aching in the Soil Profile 
An example of N03-N leaching was illus trated in Figure 1 1. 
Othe r  examples of N03-N le aching are shown in Figures 16 and 1 7. 
Figure 16 shows the move ment of N03-N in a soil profile for thre e 
ye ars aft. e r  an application of 360 kg N/ha. · The double pe ak of N03-N 
conc entration after the 1970 c orn crop indicate s the possibility of 
upward move me nt of N03-N during that summer .  The most significant 
fac tor of N03-N moveme nt was the large c onc e ntration of  N03-N in 
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the 91-122 cm layer of soil after 3 cropping seasons. Figure 17 
illustrates the leaching of N03-N after two cropping seasons can 
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be significant. Depth of N03-N leaching has been shown to be related 
to the amount of leaching water and inversely to the field capacity 
of  the soil (32 , ?1, 91 ) .  The amount of leaching water was determined 
by subtracting the average monthly consumptive use of water by corn 
from the actual precipita.tion data, provided by the three research 
farms . The consumptive use of water by corn was obtained from Brosz 
( 1 7) for the months of May-September. April and October consumptive use 
values were estimated to be 1.07 cm and 1. 42 cm , respectively (Delvin D.  
Brosz .  South Dakota State University ,  personal communication). Precipi­
tation of the winter months was ignored because the soils were frozen 
much of this time. Rainfall and the corresponding amounts of leaching 
water for the WPC location are shown in Table 18. Liven • s  equation 
Table 18. Monthly rainfa� and consumptive use of water by corn 
used to determine leaching water at the WPC location. 
Rainfall , cm Consumptive* Leaching water , cm 
Month 1969 1970 1971 use , cm 1969 1970 1971 
April 2. 84 5. 08 4. 65 1.07 1. 80 4 . 01  3 . 58 May 8. 7 5 . 03 6 . 83 3. 38 .5 . 36 1. 65  J . 45 
June 6 . 27 5. 26 12. 57 9. 96 2 . 61 
July 16. 53 5 . 82 2. 57 17. 2.5 
August 1. 93 2 . 54 14. 76 16. 71 
September 1. 42 4. 22 3 . 58 5. 16 
October 5 . 77 5 . 11 10. 74 1 . 42 4. 35 3. 69 9. 32 
* From Brosz ( 17) .  
was us ed for estimating No3-N leaching. The e.quation was : 
d = a • 100 
where d = depth of leachi ng, cm; a =  leac hing water, cm; and Pv 
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= pe rcent field capacit y  ( volume basis ) .  Fi el d  capac ity was obtained 
from Ols on (63 ) . The average field capacity of the 1 22 cm s oil profile 
was used. T he dept h of No3-N leaching in the s oil profile was deter­
mined to be the point where the peak concentration of N 03-N occurred . 
T he ·predicted N 03-N leac hing depths from equation [1j] were plotted 
against actual depths of N03-N leaching as determi ned by the depth of 
peak concentration from Figures 16 and 1 7  and other profiles not 
s hown for the WPC loc ation. The relations hip betwe en predicted and 
actual l eaching depths is illustrated in Figure 1 8 . A coefficient 
of determination ( r2) of . 745** indicates a high rel ations hip between 
the measured l eaching value and the calculated value. The slope of 
the equation was • 99 whi ch means equation [11} predicted the actual 
depth of N 03-N leaching. 
In the three- year study at the WPC l ocation all of the leaching 
water occurred in April, May, an d  October, ex cept for a s mall amount 
in June· 1 97 1  (Table 18) . This definitely indicates that N s hould be 
applied as near the time t he crop requi res the N as poss ible. 
T he N 03-N leaching equation was evaluated at the WV location 
for the purpose of comparing N 03-N l eaching on different s oils .  The 
s oil at this l ocation was a Peever-Cavour complex. T he Cavour s oil 
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is the normal well drained soil. Figure 19 illustrates the difference 
in N03-N movement of the two soil types. The soil of replicate I was 
a Peever and replicate II was a Cavour. Nitrate-N was completely 
leached from replicate I after three years. The calculated depth of 
leaching (d) after three years was 194 cm which was apparently true 
for replicate I .  The peak N03-N conc_entration of replicate II was 
found at about 56 cm after three years although d was cal.cu.lated to 
be 173 cm. The claypan replicate illustrates the importance of soil 
permeability on N03-N movement • 
. Ni trate-N leaching at the SE location was not as great as at 
the WPC nnd 'WV locations because less rainfall occurred during the 
April-October period for the three-year study period. When June 
leaching wate� was ignored in 1971 , the following regression equation 
was calculated : 
Y = 3 + 1. 14X (r2 = .986** , n = 7) . U.4] 
This is a very small number of observations for making an accurate 
interpretation. The significant factor of the equation is the slope 
value (1. 14) which indicates that the calculated N03-N leaching 
values and actual leaching values were of the same magnitude. The 
slope also confirms that the amount of N03-N leaching can be calculated 
directly if soil permeability is . good. Ni�rate-N leaching on well­
drained upland soils can be predicted for any area of South Dakota 
and probably the Northern Great Plains by using April-October rainfall 
and crop consumptive use of water data for the same period. 
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SUMMARY AND CONCLUSIONS 
Objectives of this study were : (a ) to evaluate several N 
soil tests that are used to measure N availability of the soil , and 
(b )  to measure the distribution of inorganic N in the soil profile 
after an application of fertilizer N.  
I i5 
Small grain yield response from an application of 17, 34, or 
67 kg N /ha was used as the parameter of N availability. These 
parameters were related to 23 independent variables by use of a 
step wise multiple regression program.  Independent variables 
involved in the program were clima.tic factors (rainfall and tempera­
ture ) and N soil tests which included hot water soluble N ,  hot 
Na4P207 distilla,ble N, organic matter, total N ,  and soluble N03-N. 
The N yield responses from 17 kg N /ha were not significantly 
related to any of the independent variables. It was concluded that 
this rate of N did not eliminate N as a limiting factor . Yield 
response from an application of 34 kg N/ha was found to be signifi­
cantly related to a large number of independent variables. When the 
regression equation was developed with data from 30 small grain 
locations it explained 90 . 9% of the yield response variation. _ The 
equation included 22 - of 23 independent variables which prevented the 
equation from being used on a practical basis. 
A practical and significant (R = . 793* * )  equation was developed 
by the step wise multiple regression program to estimate a N yield 
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response from an applic ati on of 67 kg N/ha. The equation wa s: 
A " �y6? = - 395X4 + . 37 9x5 + . 3 99x6 - . 1 28X14 - 5.17 
where 6Y67 = yield inc rease from 67  kg N/ha, quintal/ ha; x4 
= available soil moisture at planting, cm;  x5 = rainfall 1 - 9  weeks 
aft er plant ing , c m; X6 = rainfall 5-61 d ays before h ar vest, c m; and 
X14 = N 03 -N c ontent of the 0 -61 c m  profile, kg N/ha. This equation 
explained 62. 9% of the N yi eld respo nse variation. The N 03-N c ontent 
of the 0 -61 c m  profile was the N soil test that signific ant ly esti­
mated N availabili ty of the soil. O ther N soil tests did not 
signific antly estimate N availabi lity of the soil. 
Soi l  samples w�re  t aken from 0-N and N -treated c orn plots at 3 
loc ations at the beginning, midd le , and end of the growing season to 
measur e  c hanges in N soil test levels that may have occ urred during 
the growing season. Exc hangeable NH4-N was determined on these samples 
in add ition to the o ther N tests. A higher level of NH4-N was found 
at the beginni ng of the growing season on the N treated plots were 
the N had appli ed about one month before the samples were taken. 
At later samplings ther e  was no differenc e in exchangeable NH4-N 
between the N treatments. Organic N soil tests were not changed by  
N treatment. An  applic ation of N signific antly inc rea sed the NOJ-N 
conc entration of the soil profile at the SE and WPC locations. At 
the WV loc ation 360 kg N/ha applied 3 ye ars previ ously did not 
signific antly inc rease the soil profile N03-N c onc entration 
over the 0-N treatme nt. Usually there were signific ant dif-
feren·c es among dates of sampling for th e N tests. Differenc es 
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in date of sampling were partially due to sampling technique. It 
was co ncluded that the only N soil test that applied N significantly 
incre ased was th e N03-N test. It was fo und that so il samples for 
N03 -N should be take n in the fal l or spring be fo re planting for 
estimating N availability. 
Nitrogen rate studies o f  the corn trials at the SE, WPC , and 
WV locations pro vided data fo r measuring N03-N accumulatio n and 
distribut io n in soil profiles. 
Nitrate-N accumulatio n in so il pro files was found to be 
directly related to th e rate of  applied N. A t  the SE locatio n 66i 
o f  the applied N was reco vered fro m the so il profile by the N03-N 
soil test. Exchangeable NH4-N was not significantly increased by 
N applicatio ns. 
Nitrogen content of corn forage at the WPC and WV location was 
related to the log o f  the No3-N co ntent o f  the soil pro file. The 
highest correlation co efficients were foun d  between N uptake and the 
N?J -N content o f  the 0- 6 1  cm and deeper soil pro files. 
D istributio n o f  N03-N in the soil pro file aft er an application of  
N fertilizer showe d that N03-N was being leached under dryland conditio ns 
of  the three corn trial locatio ns. Movement o f  No3 -N in the so il pro­
file was estima ted by Liven• s equatio n (91 ) .  Estima ted N03-N leaching 
was very similar to actual leaching (b = . 99 and r2 = . 745** ) .  Mo st 
of  the leaching wat er o ccurred during April, Ma y, and Oc tober under 
South Dakota conditio ns. This study showe d that N fertilizer 
applications must be adjusted to crop yields and N03-N in the soil 
profile if N03-N leaching is to be kept to a minimum. 
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Appendix A .  Analysi s of variance of exchangeable NH4-N and soluble 
N03-N c oncentrations of soil profile samples collected 
from the N rate experiment at the SE location . 
Source of 
variation df Exchangeable NH4-N Soluble N03-N 
De pth ( D )  4 620 . 1 ** 2199** 
Rate o f  N ( T )  3 8 . 4  14640** 
D X  T 12 17 . 0** 831 **  
Planting date ( P) 1 29 . 1  633 
D x P 4 4. 2  333 
T X  p 3 8 . 4  282 
D x T x P  12 5.3* 65 
Year (Y) 2 1.575 . 6**  7920** 
D x Y  8 30 .0** 1475** 
T x Y  6 6 . 3  1653** 
D x T x Y  24 2 . 1 **  340* *  
P x Y  2 1 1  • .5 265 
D x P x Y  8 5 . 1 34 
T x P x Y  6 . 2 . 8  86 
. D x T x P x Y  24 4. 4* 19 
* F-test signi ficant at .0.5 level . ** F-te st signi ficant at . 01 level .  
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